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        Transition metal-catalyzed cross-coupling reactions such as Suzuki-Miyaura cross-
couplings, are among the most powerful transformations in organic synthesis. They have been 
extensively used for the synthesis of a wide variety of organic compounds. Recently the Suzuki 
cross-coupling reaction has been extended to conjugated polymer synthesis, especially the 
controlled Suzuki cross-coupling polymerization for polymers with desired length. My research 
is on developing highly efficient monophosphine-coordinated palladacycle complexes for cross-
coupling reactions/polymerizations. 
        Based on the understanding of transition metal-catalyzed Suzuki cross-coupling reactions 
including polymerization, my dissertation started with Pd(0)- and Ni(0)-catalyzed borylation 
reactions of aryl halides and tosylates with bis(pinacolato)diboron to access arylboronates at 
room temperature. Pd(0)-catalyzed cross-coupling reactions of aryl halides with bis(pinacolato)-
diboron are described. Monophosphine-coordinated palladacycle complexes, proved to
v 
 
be an efficient catalyst system for the Miyaura borylation reactions of a variety of aryl halides 
with bis(pinacolato)diboron. Ni(0)/PCy3-catalyzed cross-coupling reactions of aryl 
arenesulfonates with bis(pinacolato)diboron are also described. The Ni(0)/PCy3 catalysts, 
generated from Ni(COD)2 and PCy3, or air-stable 4-MeOC6H4Ni(II)(PCy3)2OTs, were efficient 
catalyst systems for the Miyaura borylation reactions of a variety of aryl arenesulfonates with 
bis(pinacolato)diboron. The mild reaction conditions, the easy availability of the catalyst and 
good coupling yields make these reactions potentially useful in organic synthesis. 
        In Chapter 3, a new polymerization catalyst was developed for Pd(0)-catalyzed Suzuki 
cross-coupling polymerization to generate conjugated polymers with high molecular weights at 
room temperature. The one-pot polymerizations of aryl dibromides and bis(pinacolato)diboron 
with monodentate phosphine as the ligand is also described. Such monophosphine-coordinated 
palladacycle complexes afforded polymers with yields and the molecular weights comparable to 
or higher than that of polymers obtained by using other palladium catalysts. 
        Chapter 4 describes, the development of two initiator systems for controlled Pd(0)-catalyzed 
Suzuki cross coupling polymerization of AB-type monomers. Ad3P-coordinated acetanilide-
based palladacycle complex and t-Bu2PCy-coordinated 2-phenylaniline-based palladacycle 
complexes were demonstrated to be efficient initiators for controlled Suzuki cross-coupling 
polymerization, affording polymers with narrow PDIs and well-controlled end 
groups. Collectively these studies provide clearer understanding of Pd(0)-catalyzed Suzuki cross-
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A cross-coupling reaction in organic chemistry is a general term for a variety of reactions where 
two fragments are joined together to form carbon-carbon or carbon-heteroatom bonds with the aid 
of a metal catalyst. Transition metal-catalyzed cross-coupling reactions such as the Suzuki-
Miyaura cross-coupling, the Stille coupling, the Heck coupling, etc., are among the most powerful 
transformations in organic synthesis. They have been extensively used for the synthesis of a wide 
variety of organic compounds ranging from natural products, pharmaceuticals, advanced materials, 
and liquid crystals.1,2 
The history of transition metal-catalyzed cross-coupling reactions can be traced back to 1940’s. 
Cobalt and Copper were used as catalysts at the beginning (Scheme 1.1).3,4,5 These early 
developments built the framework for the cross-coupling concept. Organohalides were used as 
coupling partners. Stoichiometric organometallic reactants were used to prevent homo-coupling 
of the halides. A catalytic amount of transition metal was used to promote the C-C bond forming 
event. However, there were several shortcomings. Significant amounts of homo-coupling products 
were observed when using cobalt. The copper-catalyzed reaction required the in-situ generation of 
the organometallic cuprous acetylide.  Furthermore, these reactions were limited in both substrate 




Scheme 1.1. Cross-Coupling reactions with Cobalt or Copper as catalyst.  
Since then, developing different transition metal catalysts and improving the reactivity and 
selectivity of the coupling reaction became the main aims. A great deal of research effort during 
the 1970’s led to carbon-carbon bond-forming reactions with unreactive alkenyl and aryl halides.6,7 
In 1972, M. Kumada reported the cross-coupling reaction between aryl or alkenyl halides and 
Grignard reagents with nickel-phosphine complex as the catalyst.8,9 Kumada later evaluated the 
scope and limitation of the reaction.10-13 But Nickel catalysis only worked for Grignard reagents. 
As a result, the use of alternative transition metal catalysts such as Pd(0) complexes, was explored. 
 
Scheme 1.2. The Kumada Cross-Coupling Reaction. 
In 1968, R.F. Heck discovered that aryl, and benzyl halides reacted with olefinic compounds at 
elevated temperatures in the presence of a hindered amine base and catalytic Pd(0) to form aryl 
and benzyl substituted olefins. Since its discovery, the Heck reaction has become one of the most 
widely used methods for carbon-carbon bond formation in organic chemistry.14   
 
Scheme 1.3. The Heck Cross-Coupling Reaction. 
In order to improve the functional group tolerance of the process, the coupling partners should 
contain less electropositive metals than magnesium. In 1976, E. Negishi and co-workers reported 
the Ni-catalyzed alkenyl-alkenyl, alkenyl-aryl and aryl-aryl cross-coupling with alkenyl or aryl 
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halides and aryl and alkenyl zinc reagents. Extensive research by Negishi showed that the best 
results are obtained when using Pd(0)-catalysts.15,16 
 
Scheme 1.4.  The Negishi Cross-Coupling Reaction. 
In 1976, the first palladium catalyzed reaction of organotin compounds was published by C. 
Eaborn et al.17 In 1977, M. Kosugi and T. Migita reported transition-metal-catalyzed carbon-
carbon bond forming reactions of organotins with aryl halides and acid chlorides.17 In 1978, J.K. 
Stille used organotin compounds of the synthesis or ketones under reaction conditions much 
milder and with significantly improved yields.18  
 
 
Scheme 1.5. The Stille Cross-Coupling Reaction. 
 
In 1979, A. Suzuki and N. Miyaura reported the reaction of alkenylboranes with aryl halides with 
palladium complex as catalyst. The palladium-catalyzed cross-coupling reaction between 
organoboron compounds and organic halides or triflates provides a powerful and general method 




Scheme 1.6.  The Suzuki Cross-Coupling Reaction. 
At the same time, other excellent work has been published with palladium complexes as catalysts 
for cross-coupling reactions of aryl halides with different partners. In 1975, K. Sonogashira and 
co-workers reported that symmetrically substituted alkynes could be prepared under mild 
conditions by reacting acetylene gas with aryl iodides or vinyl bromides in the presence of 
catalytic amounts of Pd(PPh3)Cl2 and CuI.
20 
 
Scheme 1.7. The Sonogashira Cross-Coupling Reaction. 
The generally accepted catalytic cycle for the cross-coupling of organometallics with organic 
halides catalyzed by transition metal is shown in Figure 1.1, and involves the following steps: (i) 
oxidative addition of aryl/alkenyl halides to transition metal catalysts, such as Pd(0); (ii), 
transmetalation of organometallic reagents to transition metal complexes; and (iii), reductive 
elimination of coupled product with the regeneration of the transition metal catalyst.1,2 
 
Figure 1.1. Mechanism of Cross-coupling reaction. 
For the cross-coupling reactions listed above, the moisture sensitivity of Grignard reagents 
organozinc reagents and organostannanes is a big concern which make the operation hard to 
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handle. Moreover, organozinc reagents and organostannanes are toxic. For the Sonogoshira 
reaction, high reaction temperature is often necessary when aryl halides and bulky substrates are 
not very reactive, which lead to side reactions of terminal alkynes. Besides, the co-catalyst 
system makes the operation tedious. Considering these shortcomings of coupling reactions 
mentioned above, it is not surprising that Suzuki cross-coupling reaction, with its many 
advantages, has become one of the most popular tools for carbon-carbon bond preparation. These 
include: 1) commercial availability of boronic acids; 2) the inorganic by-products are easily 
removed from the reaction mixture, making the reaction more suitable for industry; 3) unaffected 
by water; 4) less toxicity. 
 
The Suzuki cross-coupling reaction has been extended to conjugated polymer synthesis by 
employing two reactive site-containing monomers, i.e., AA/BB- or AB-type monomers (Scheme 
1.8). The palladium(0)-catalyzed Suzuki cross-coupling polymerization reaction was developed 
as a step-growth process, which was rationalized in terms of multiple consecutive catalytic 
cycles, rather than on one, for product formation.21,22
 
Scheme 1.8. Pd(0)-Catalyzed Suzuki Cross-Coupling Polymerization of AA/BB- and AB- Type 
Monomers. 
The Pd(0)-catalyzed Suzuki cross-coupling polymerization has developed into a powerful tool 
for synthesizing numerous polyarylenes and related conjugated polymers (Scheme 1.9). Some of 
these polymers have gained industrial applications as in the case of polyfluorenes, which are key 
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polymers for organic electronics. Polyfluorenes were tested for polymer-based organic light-
emitting diodes (OLEDs) after they were discovered.23 
Examples of polymer structures are shown in Scheme 1.9. The substituted R groups serve the 
purpose to increase the polymers’ poor solubility and processability. Polyfluorene derivatives 
and some of the π-conjugated polymers produced by palladium(0)-catalyzed Suzuki cross-
coupling polymerization are not only promising material to OLEDs applications, but also can be 
used in many electronic devices including field-effect transistors, semiconductors, solar cells and 
sensors.24,25 These applications led to our interest in developing Suzuki cross-coupling 
polymerizations. 
 
Scheme 1.9. Examples of Conjugated Polymers. 
Although the Pd(0)-catalyzed Suzuki cross-coupling polymerization has great value in industrial 
and synthetic applications, there are still challenges in the field: 1) efficient methods are needed 
for the preparation of high purity aryldiboronate monomers for the polymerization process; 2) 
efficient palladium catalysts are needed for Suzuki cross-coupling polymerization to achieve 
high molecular weights; 3) mild conditions for can one-pot polymerizations; 4) efficient initiator 
systems are needed for controlled Pd(0)-catalyzed Suzuki cross-coupling polymerizations. 
Considering these challenges and the present understanding of transition metal-catalyzed Suzuki 
cross-coupling reaction including polymerization, this dissertation started with Pd(0)- and Ni(0)-
catalyzed borylation reactions of aryl halides and tosylates with bis(pinacolato)diboron to access 
arylboronates at room temperature. These data are presented in Chapter 2. 
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In Chapter 3, a new polymerization catalyst was developed for generating high molecular weight 
conjugated polymers at room temperature. The one-pot polymerizations of aryl dibromides and 
bis(pinacolato)diboron with monodentate phosphine as the ligand was also described 
In Chapter 4, two initiator systems for controlled Pd(0)-catalyzed Suzuki cross coupling 
polymerization of AB-type monomers were developed. These studies provide a better 
understanding of Pd(0)-catalyzed Suzuki cross-coupling polymerizations and paves the way to 
more diverse cross-coupling polymerizations. 
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Pd(0)/Ni(0)-Catalyzed Borylation Reactions of Aryl Halides and Aryl 
Tosylates with Bis(pinaocolato)diboron 
2.1. Introduction 
Arylboronic acids/acid esters are coupling partners for the Suzuki cross-coupling reaction 
including Suzuki cross-coupling polymerizations.1-6 Arylboronic acids/acid esters are 
traditionally prepared by reaction of aryl bromides or iodides with Mg or n-BuLi to form 
Grignard reagents or lithium reagents followed by treatment with trialkylborates.7 The 
air/moisture sensitive nature of Grignard or lithium reagents often leads to dehalogenated 
byproducts, i.e., from Ar-X(X= I, Br or Cl) to Ar-H. This byproduct formation may not be a 
significant problem for standard Suzuki cross-coupling reactions as Ar-H may not interfere with 
the cross-coupling reactions. However, it could be very detrimental for Suzuki cross-coupling 
polymerizations because purification of aryldiborons [(RO)2BAr(OR)2] from arylborons 
[(RO)2BAr-H] may prove to be very difficult and arylborons [(RO)2BAr-H] may participate in 
the polymerization processes. Development of synthetic protocols/methods to access 
aryldiborons [(RO)2BAr(OR)2] from aryl dihalides with a minimal formation of arylborons 
[(RO)2BAr-H] under mild conditions might thus be useful for Suzuki cross-coupling 
polymerizations.  
In 1995, Miyaura and coworkers reported the preparation of arylborates from Pd(OAc)2/1,1'-
Bis(diphenylphosphino)ferrocene(DPPF)-catalyzed coupling reaction of aryl bromides/iodides 
with bis(pinacolato)diboron to avoid the use of n-BuLi or Grignard reagents.8  Since then, 
numerous variation of this protocol have been developed.9,10 Aryl iodides/bromides and aryl 
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triflates, which can readily undergo oxidative addition with Pd(0) catalysts, have been the 
common substrates. By employing electron-rich phosphine ligands, widely available but less 
reactive aryl chlorides also became general partners for this type of reaction. However, elevated 
temperatures were generally needed in the reported borylation reactions with aryl chlorides as 
substrates. Aryl tosylates and mesylates have rarely been used as coupling partners for borylation 
reaction. In the few reports of the borylation reaction with aryl tosylates or mesylates as 
substrates, elevated temperatures, 80 °C or higher, were generally needed for the reaction.11-14  
In this chapter, our study on Pd(0)/Ni(0)-catalyzed borylation reaction of aryl halides and aryl 
tosylates with bis(pinacolato)diboron to access arylborates under mild conditions to minimize the 
formation of dehalogenated byproducts is described. 
2.2. Pd(0)-Catalyzed Borylation Reactions of Aryl Halides with Bis(pinacolato)diboron  
2.2.1 Introduction 
As aryl dibromides have been the commonly used monomers for the Suzuki cross-coupling 
polymerization, we decided first to investigate the borylation of aryl bromides with 
bis(pinacolato)diboron. We chose monophosphine-coordinated 2-phenylaniline-based 
palladacycle complexes as the catalyst (Chart 2.1, more about these complexes was described in 
Chapter 3). These complexes have been demonstrated to be highly efficient catalysts for Suzuki 
cross-coupling reactions, via the formation of highly reactive 12-electron LPd(0) species 





Scheme 2.1 Monodentate Ligand-Coordinated 2-Phenylaniline-Based Palladacycle 
Complexes for Suzuki Cross-Coupling Reactions. 
 
Chart 2.1. Monophosphine-Coordinated 2-Phenylaniline-Based Palladacycle Complexes  
 
2.2.2. t-Bu3P-Coordinated 2-Phenylaniline-Based Palladacycle Complex for the Coupling 
Reaction of Aryl Bromides with Bis(pinacolato)diboron 
We first tested the reaction of p-methoxyphenyl bromide with bis(pinacolato)diboron by using 
palladacycle complex 1a.15 Our results are listed in Table 2.1. As shown in Table 2.1, three 
bases, K3PO4, Cs2CO3 and KOAc, stood out for the reaction. While the reactions with K3PO4 or 
Cs2CO3 afforded higher conversions, significant amounts of homo-coupling product (Chart 2.2) 
were observed. The reaction with KOAc as the base led to much less homo-coupling product 
(entry 8). This observation was consistent with previously reported results.16 Lengthening 






Table 2.1. Coupling Reactions between p-Methoxyphenyl Bromide and Bis(pinacolato)diboron a  
 
By using KOAc as the base, we also examined the reaction with several other palladacycles (1b-
1g), which were prepared by following the same method as the preparation of 1a.15 We found 
that Xphos and t-Bu3P are better than other palladacycle complexes (Table 2.2), likely because 




Table 2.2. Coupling Reaction between p-Methoxyphenyl Bromide and Bis(pinacolato)diboron 




Our study showed monophosphine-coordinated 2-phenylaniline-based palladacycle complexes 
were efficient precatalysts for the cross-coupling reactions of aryl bromides with 
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bis(pinacolato)diboron. These results provided the possibility for us to prepare borate-containing 
monomers from aryl dihalides with minimal formation for dehalogenated byproducts with air-
stable, operationally convenient palladacycle complexes as catalysts.  
2.2.3. Ad3P-Coordinated Acetanilide-Based Palladacycle Complex for Suzuki Cross-
Coupling Reaction of Aryl Chlorides and Bis(pinacolato)diboron 
While we are using aryl bromides as a coupling partner with bis(pinacolato)diboron for 
preparing borate-containing monomers, we also became interested in employing aryl chlorides as 
reaction partners for transition metal-catalyzed cross-coupling reactions under mild reaction 
conditions. Based on the experience from the last section, we knew that ligands with electron 
rich and bulky structure performed better. So for aryl chlorides which are less reactive for 
oxidative addition, bulkier ligand is necessary. Recently, tris(1-adamantyl)phosphine (Ad3P) was 
reported by Carrow and his coworkers that it is an electron-rich trialkylphospine and Ad3P-
containing complex 2 was found to catalyze the Suzuki cross-coupling reaction of aryl chlorides 
with arylboronic acids under mild condition. This suggest that the oxidative addition reaction of 
Pd(0)/Ad3P with aryl chlorides readily occurred.
17 We thus reasoned that the borylation reaction 
of aryl chlorides with bis(pinacolato)diboron might be achieved under mild conditions with 
Pd(0)/Ad3P as the catalyst.  
Figure 2.1. Tris(1-adamantyl)phosphine (Ad3P) and Ad3P-Coordinated Acetanilide-Based 












Our study began with the coupling reaction of p-tosyl chloride with bis(pinacolato)diboron by 
examining different bases with complex 2 and Pd(0)/Ad3P as the catalysts and our results are 
listed in Table 2.3. As KOAc was established to be the base in most of reported borylation 
reactions, KOAc was first tested and a 35% conversion was observed (Table 2.3, entry 1). Other 
common inorganic bases were also tested and we found that stronger bases including KOH, 
K3PO4, K2CO3 and KHCO3 gave higher conversions, but a significant amount of self-cross-
coupling reaction product along with a small amount of the deboronated product, toluene, was 
observed (Table 2.3, entries 2-5). KF and NaOAc were found to give slightly lower conversions 
(Table 2.3, entries 6-7). The existence of water appeared to lead to faster reactions, but the 
formation of the deboronated product, p-toluene, was observed to be more with more amounts of 
water (Table 2.3, entries 8-9). We also examined the reaction with the use of 1:1 to 1:1.5 ratio of 
Pd2(dba)3 and Ad3P as the catalyst and found that catalysts generated from 1:1 to 1:1.5 ratio of 
Pd2(dba)3 and Ad3P were less efficient than complex 2 as lower conversions were observed 
(Table 2.3, entries 10-11).  
Table 2.3. Room temperature Pd(0)/Ad3P-catalyzed Borylation Reaction of p-Tolyl Chloride 




Toluene, dioxane and ethanol were also tested as the solvent. A lower conversions along with a 
significant amount of side product were observed with dioxane and EtOH as the solvent (Table 
2.3, entries 12-14). Varying the amount of the KOAc impacted the reaction and higher 
conversion was observed with the use of more equivalents of KOAc (Table 2.3, entries 15-17). 
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We also examined the reaction with the use of 2-phenylaniline-based complex 1 or 3 as the 
catalyst and found that lower conversions were observed (Table 2.4, entries 18-19). By the 
lengthening the reaction time, a complete conversion was observed (Table 2.4, entry 20). 
With complex 2 as the catalyst, tetrahydrofuran (THF) as the solvent and potassium acetate 
(KOAc) as the base, we next examined room temperature Pd(0)/Ad3P-catalyzed borylation 
reactions of a number of aryl chlorides. Our results are summarized in Table 2.4. As shown in 
Table 2.4, complex 2 proved to be an efficient catalyst for both activated and deactivated aryl 
chlorides, including those with ortho-, meta- and para- substituents. Complete conversions and 
good isolated yields were observed for all aryl chlorides employed. Electron-poor (activated) 
aryl chlorides were more reactive than electron-rich aryl chlorides and reactions involving them 
as the coupling partner required shorter reaction time to go to completion (Table 2.4, entry 10-
14). 






We have also compared the borylation reaction of aryl iodides, aryl bromides and chlorides with 
Complex 2 and bis(pinacolato)diboron. Under the same reaction condition, the reaction of aryl 
iodides occurred much slower than aryl chlorides and aryl bromides (Table 2.5). As aryl iodides 
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have been established to readily undergo oxidative addition with Pd(0) catalysts, the low 
conversion suggested that the transmetalation step might likely be the rate-determining step. 





We have also examined the coupling reaction of dichlorobenzenes with bis(pinacolato)diboron. 
We found that the reaction of 1,4-dichlorobenzene with 1 equivalent of bis(pinacolato)diboron 
generated 4-chlorophenylborate and 1,4-penyldiborate in a ratio of 61:39. By using more 
equivalents of bis(pinacolato)diboron, we found that the borylation reaction of 1,4-
dichlorobenzene and 1,3-dichlorobenzene phenyldiborates in good yields of (Table 2.6, entries 2 
and 3). The reaction of 1,2-dichlorobenzene with bis(pinacolato)diboron was also carried out, 
1,2-phenyldiborate was obtained in a moderate yield, along with significant amounts of 2-
chlorophenylborate (Table 2.6, entry 4). Complexes 1 and 3 were also employed as catalysts for 
the reaction. No desired product was observed with complex 2 as the catalyst (Table 2.6, entry 
5). 1,2-Phenyldiborate was obtained in 26% yield, along with 13% of 2-chlorophenylborate, with 
complex 3 as the catalyst (Table 2.6, entry 6). These results suggested that complex 2 was an 
unique catalyst for the room temperature cross-coupling reaction of aryl dichlorides with 
bis(pinacolato)diboron to access aryldiborates, which are monomers for Suzuki cross-coupling 
polymerizations. 
Table 2.6. Room Temperature Complex 2-Catalyzed Borylation Reaction of Aryl Dichlorides 





Compared to other reported Pd(0) catalyst systems for the coupling reaction of aryl chlorides 
with bis(pinacolato)diboron, e.g., Pd(0)/Buchwald’s biphenylphosphines15 , Pd(0)/PCy3, which 
required elevated reaction temperature and/or additional amounts of ligands, complex 2 
catalyzed the reaction efficiently at room temperature. Considering the easy availability and air-
stability of complex 2, even the requirement of the slightly higher catalyst loading or longer 
reaction time would still favorably place complex 2 into one of practically useful catalysts.  
2.2.4. Summary 
We have demonstrated that complex 2 is an excellent catalyst for room temperature cross-
coupling reactions of readily available aryl chlorides with bis(pinacolato)diboron. Complex 2 
represents a general transition metal catalyst system that can catalyze the Miyaura borylation 
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reaction of aryl chlorides with bis(pinacolato)diboron at room temperature. The mild reaction 
condition, the easy availability of the catalyst systems, and excellent coupling yields make 
Pd(0)/Ad3P catalyst system potentially useful for the preparation of aryldiborates. 
2.3. Ni(0)/PCy3-Catalyzed Borylation Reactions of Aryl Tosylates with 
Bis(pinacolato)diboron 
2.3.1. Introduction 
We have discussed Miyaura coupling reactions of aryl halides with bis(pinacolato)diboron, 
which are among the most powerful transformations in organic synthesis. Remarkable progress 
has been made in employing less reactive, widely available aryl chlorides as coupling partners. 
But for the other large family of synthetic materials, aryl arenesulfonates which are readily 
accessible from phenols and cheap arenesulfonyl chlorides, limited success has been realized. In 
view of their easier preparation, increased stability, and lower cost relative to aryl halides, it is of 
great interest to develop general protocols to employ arenesulfonates as coupling partners for 
Miyaura borylation reaction under mild conditions. 11-14 In 2004, we demonstrated for the first 
time that readily available aryl arenesulfonates can be employed as coupling partners for room-
temperature Suzuki cross-coupling in general 18. The catalyst system, derived from Ni(COD)2 
and PCy3, represents the first general palladium or nickel catalyst system that can catalyze the 
Suzuki couplings of aryl arenesulfonates at room temperature.  
Scheme 2.2. Room-Temperature Ni(0)/PCy3 -Catalyzed Cross-Coupling Reactions of Aryl 






Although Ni(COD)2/PCy3 proved to be an excellent catalyst system, the air-sensitivity of the 
Ni(COD)2, prompted us to explore the use of operationally convenient nickel(II) complexes as 
catalyst precursors. During our research we find nickel(II) complex (4-MeOC6H4)Ni(PCy3)2OTs, 
the intermediate for Ni(COD)2/PCy3 catalyzed cross-coupling reactions of 4-methyoxyphenyl 
tosylate with phenylboronic acid,  showed high stability under air. The results showed that (4-
MeOC6H4)Ni(PCy3)2OTs was almost as active as the Ni(COD)2/PCy3 catalyst. 
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Figure 2.2. (4-MeOC6H4)Ni(PCy3)2OTs 
Scheme 2.3. Room-Temperature 4-MeOC6H4Ni(II)(PCy3)2OTs complex catalyzed Cross-
Coupling Reactions of Aryl Arenesulfonates with Arylboronic Acids. 
 
 
Ni(COD)2/PCy3 and 4-MeOC6H4Ni(II)(PCy3)2OTs have been demonstrated to be efficient 
catalysts for Suzuki cross-coupling reactions of aryl tosylates. We reasoned that they might also 
be efficient catalysts for the borylation reaction of aryl tosylates with bis(pinacolato)diboron to 
access arylborons. Although aryl halides and aryl triflates have been the most common substrates 
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for this borylation reaction, readily available aryl tosylates and mesylates have rarely been used 
as coupling partners for this reaction. In the few reports of the borylation reaction with aryl 
tosylates or mesylates as substrates,17,20 elevated temperatures, 80 °C or higher, were generally 
needed for the reaction. Herein our study on room temperature Ni(0)/PCy3-catalyzed coupling 
reactions of aryl arenesulfonates with bis(pinacolato)diboron is described. 
2.3.2. Results and Discussion 
We have previously showed that Ni(0)/PCy3 readily undergoes oxidative addition with aryl 
tosylates and this step should not be a rate-determining step, we reasoned that the transmetalation 
of ArNiII(PCy3)2OTs with bis(pinacolato)diboron may likely be the key step for the generation 
of arylborates (OTs = tosyl). Since the transmetalation step has been reported to be influenced by 
the base employed, we started our study by examining different bases, and our results are listed 
in Table 2.7. Since KOAc was the best base in the reported Pd(OAc)2/1,1′-
bis(diphenylphosphino)ferrocene (DPPF) system, KOAc was first tested, but a low conversion 
was observed (Table 2.7, entry 1). Other common inorganic bases, K3PO4, K2CO3, KF and 
tBuOK, were then tested, and K3PO4 was found to give a better result (Table 2.7, entries 2-5).  
 
Table 2.7. Room Temperature Ni(COD)2/PCy3-Catalyzed Borylation Reaction of p-Tolyl 







Because the existence of a small amount of water in the reaction system helped Ni(0)/PCy3-
catalyzed Suzuki cross-coupling reactions, we next examined the reaction with only degassed, 
but not dried, THF. Higher conversions were observed except for the reaction with tBuOK as the 
base (Table 2.7, entries 6-10), and K3PO4 was the best base (Table 2.7, entry 7). Two other 
solvents, toluene and dioxane, were also tested, and THF was found to be the best solvent 
(Table 2.7, entries 6, 11-12). Reducing the amount of the base hindered the reaction, and 3-4 
equivalents of base gave the best results (Table 2.7, entries 13-15). The use of 1.5 equivalents 
of bis(pinacolato)diboron led to a lower conversion (Table 2.7, entry 16). As a comparison, the 
reaction without Ni(COD)2/PCy3 was also carried out and no product was observed (Table 2.7, 
entry 17, COD = cyclooctadiene). By using 4 equivalents of K3PO4 as the base and degassed 
THF as the solvent, we next examined a variety of aryl tosylates for the room temperature 
Ni0/PCy3-catalyzed borylation reaction. Our results are summarized in Table 2.8. As shown in 
Table 2.8, the Ni(COD)2/PCy3 system was found to be a general catalyst for both activated and 
deactivated aryl tosylates, including those with ortho-, meta- and para-substituents. Complete 
conversions and good isolated yields were observed for all aryl arenesulfonates employed (Table 
2.8, entries 1-14). Aryl benzenesulfonates were also found to be suitable substrates for the 
reaction, and good yields were observed (Table 2.8, entry 15-17). An aryl mesylate was observed 
to be less reactive than aryl tosylates, and the reaction involving it as the coupling partner 





Table 2.8. Room Temperature Ni(COD)2/PCy3-Catalyzed Borylation Reaction of Aryl 





Table 2.9. Room Temperature 4-MeOC6H4NiII(PCy3)2-Catalyzed Borylation Reaction of Aryl 




As Ni(COD)2/PCy3, especially Ni(COD)2, are very air-sensitive, we wondered whether air-stable 
Ni(II) complexes could be employed as operationally convenient catalysts for this Miyaura 
borylation reaction. Because 4-MeOC6H4Ni(II)(PCy3)2OTs, the oxidative addition adduct of  
4-MeOC6H4OTs with Ni(COD)2/PCy3, is readily accessible and air-stable, and has been 
established as Ni(0)/PCy3 source for the cross-coupling reactions of aryl arenesulfonates with 
arylboronic acids,18 4-MeOC6H4Ni(II) (PCy3)2OTs naturally emerged as our choice for this 
exploration. We found that by using 4-MeOC6H4Ni(II)(PCy3)2OTs as the catalyst, the cross-
coupling reactions of aryl arenesulfonates with bis(pinacolato)diboron occurred smoothly, and 
good to high yields were obtained (Table 2.9). These results suggested that 4-
MeOC6H4Ni(II)(PCy3)2OTs as well as its analogs could be operationally convenient substitutes 
for the Ni(COD)2/PCy3 catalytic system for room temperature cross-coupling reactions of aryl 
arenesulfonates with bis(pinacolato)diboron. 
2.3.3. Summary 
We have demonstrated that room-temperature Miyaura borylation reaction of readily available 
aryl arenesulfonates with bis(pinacolato)diboron occurred smoothly with the Ni(0)/PCy3 
catalyst system. Ni(COD)2/PCy3 was found to be an efficient catalyst system for the Miyaura 
borylation reactions of a variety of aryl arenesulfonates with bis(pinacolato)diboron. To 
circumvent the air-sensitivity issue associated with the Ni(COD)2/PCy3 catalyst system, we 
explored the use of air-stable 4- MeOC6H4NiII(PCy3)2OTs, the oxidative addition adduct of 
Ni(COD)2/PCy3 with 4-MeOC6H4OTs, as the catalyst for the borylation reaction. We found  
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4-MeOC6H4Ni(II)(PCy3)2OTs was as efficient as Ni(COD)2/PCy3. The mild reaction conditions, 
the easy availability of the catalyst systems, and good coupling yields make this Ni(0)/PCy3-
catalyzed borylation reaction potentially useful in organic synthesis. 
2.4. Experimental 
NMR spectra were recorded on Varian 300 MHz or 600 MHz spectrometers.  For 1H NMR and 
13C NMR spectra, chemical shifts were reported relative to residual deuterated solvent peaks or 
tetramethylsilane internal standard. All yields reported refer to isolated yields unless otherwise 
indicated, and the product purity was estimated to be greater than 95% as determined by 1H 
NMR. Compounds described in the literature were characterized by comparison of their 1H NMR 
and 13C NMR spectra to reported data. THF was freshly distilled with Sodium under N2 before 
use. All reagents were purchased from commercial sources and used as received unless otherwise 
indicated.  
General Procedure for the Suzuki Cross-Coupling Reaction of Aryl Bromides and 
Bis(pinacolato)diboron: Under N2 in a glove-box, aryl bromide (0.2 mmol) and 
bis(pinacolato)diboron (0.24 mmol), palladacycle (2.0 mol %) and base were mixed in a 5 ml 
vail. Then THF (2.0 mL) was added. The mixture was stirred in the glove-box. Saturated NH4Cl 
solution (1.0 mL) was added to quench the reaction. Dichlomethane (10 ml) was used for the 
extraction. The organic layers were combined and washed with water (3 X 5 ml). The organic 
layer was concentrated under reduced pressure. Column chromatography afforded the desired 
compound (hexanes: ethyl acetate from 100:0 to 20:1). 




In a glovebox under an N2-atmosphere, to a vial containing bis(pinacolato)diboron (0.6 mmol, 3 
equiv.), complex 2 (8.5mg, 0.01 mmol, 0.05 equiv), potassium acetate (78.5 mg, 0.8 mmol, 4 
equiv.), THF (1 mL) and aryl chloride (0.2 mmol, 1 equiv.) were added. The mixture was 
allowed to react at the room temperature for 24-48 h. After quenching with water, the reaction 
mixture was extracted with ethyl acetate. The organic layer was washed with brine and then 
evaporated in vacuo. Flash chromatography on silica gel yielded the desired products. 
THF for Ni(COD)2/PCy3-Catalyzed Cross-Coupling Reactions: THF was degassed with N2 
for 4 h before use. All reagents were purchased from commercial sources and used as received 
unless otherwise indicated. 4-MeOC6H4Ni(II)(PCy3)2OTs was prepared by following a reported 
procedure.18 
General Procedure for Ni(COD)2/PCy3-Catalyzed Cross-Coupling Reactions of Aryl 
Arenesulfonates with Bis(pinacolato)diboron: In a glovebox under an N2-atmosphere, to a vial 
containing bis(pinacolato)diboron (1.5 mmol, 3 equiv.), potassium phosphate (2.0 mmol, 4 
equiv.), THF (5 mL), bis(1,5-cyclopentadiene) nickel(0) (0.025 mmol, 5 mol%), 
tricyclohexylphosphine (0.1 mmol, 20 mol%), and aryl tosylate or aryl benzenesulfonate (0.5 
mmol, 1.0 equiv.) were added. The mixture was allowed to react at the room temperature for 6-
24 h. After quenching with water, the reaction mixture was extracted with ethyl acetate. The 
organic layer was washed with brine and then evaporated in vacuo. Flash chromatography on 
silica gel yielded the desired products. 
General Procedure for 4-MeOC6H4Ni(II)(PCy3)2OTs-Catalyzed Cross-Coupling Reactions 
of Aryl Arenesulfonates with Bis(pinacolato)diboron: In a glovebox under an N2-atmosphere, 
to a vial (10 mL) were added tosylate (0.5 mmol, 1 equiv.), bis(pinacolato)diboron (1.5 mmol, 3 
equiv.), potassium phosphate (2.0 mmol, 4 equiv.), THF (5 mL), and 4-CH3OC6H4Ni(PCy3)2OTs 
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(0.025 mmol, 5 mol%). The resulting mixture was stirred at the room temperature for 12-48 h. 
After quenching with water, the reaction mixture was extracted with ethyl acetate. The organic 
layer was washed with brine and then evaporated in vacuo. Flash chromatography on silica gel 




1H NMR (300 MHz, CDCl3): δ: 7.82-7.80 (d, J=6.9 Hz, 2H), 7.45-7.43 (m, 1H), 7.39-7.34 (m, 
2H), 1.34 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 134.8, 131.3, 127.8, 83.8, 24.9 ppm. 
4,4,5,5-tetramethyl-2-(o-tolyl)-1,3,2-dioxaborolane 
 
1H NMR (300 MHz, CDCl3): δ: 7.77-7.75 (m, 1H), 7.31-7.26 (m, 1H), 7.15-7.12 (m, 2H), 2.53 
(s, 3H), 1.31 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 144.9, 136.0, 130.9, 129.9, 124.8, 





1H NMR (300 MHz, CDCl3): δ: 7.64-7.60 (m, 2H), 7.27-7.26 (m, 2H), 2.35 (s, 3H), 1.34 (s, 




1H NMR (300 MHz, CDCl3): δ: 7.71-7.68 (d, J=7.8 Hz, 2H), 7.19-7.16 (d, J=7.5 Hz, 2H), 2.35 




1H NMR (300 MHz, CDCl3): δ: 7.58-7.55 (m, 2H), 7.14-7.12 (d, J=7.5 Hz, 1H), 2.26 (s, 6H), 
1.32 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 140.2, 136.0, 135.9, 132.5, 129.2, 83.6, 
24.9, 20.1, 19.5 ppm. 
2-(2,4-dimethylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
 
1H NMR (300 MHz, CDCl3): δ: 7.59 (s, 1H), 7.13-7.10 (d, J=7.5 Hz, 1H), 7.06-7.03 (d, J=7.5 
Hz, 1H), 2.50 (s, 3H), 2.30 (s, 3H), 1.33 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 141.8, 





1H NMR (300 MHz, CDCl3): δ: 7.81-7.79 (d, J=7.5 Hz, 2H), 6.93-6.90 (d, J=8.7 Hz, 2H), 3.80 




1H NMR (300 MHz, CDCl3): δ: 7.42-7.39 (d, J=6.9 Hz, 1H), 7.33-7.25 (m, 2H), 7.01-6.98 (m, 
1H), 3.81 (s, 3H), 1.33 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 159.1, 129.0, 127.3, 
118.8, 117.9, 83.9, 55.2, 24.9 ppm. 
2-(2-fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
 
1H NMR (300 MHz, CDCl3): δ: δ: 7.78-7.73 (m, 1H), 7.39-7.34 (m, 1H), 7.12-7.07 (m, 1H), 
7.02-6.97 (m, 1H), 1.32 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 168.9, 165.6, 136.9, 





1H NMR (300 MHz, CDCl3): δ 7.97-7.89 (m, 4H), 2.64 (s, 3H), 1.38 (s, 12H); 
13C NMR (75.4 
MHz, CDCl3) δ 198.5, 139.0, 134.9, 127.3, 84.2, 26.8, 24.9 ppm. 
1-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one 
 
1H NMR (300 MHz, CDCl3): δ 7.83-7.81 (d, J=7.8 Hz, 1H), 7.53-7.51 (m, 2H), 7.43-7.40 (d, 
J=6.3 Hz, 1H), 2.60 (s, 3H), 1.42 (s, 12H); 13C NMR (75.4 MHz, CDCl3) δ 199.8, 140.5, 132.5, 
132.2, 128.9, 128.5, 83.7, 25.0, 24.9 ppm. 
methyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate 
 
1H NMR (300 MHz, CDCl3): δ 7.95-7.93 (d, J=7.5 Hz, 2H), 7.83-7.78 (m, 4H), 7.61-7.59 (d, 
J=6.3 Hz, 1H), 7.52-7.48 (d, J=1.2 Hz, 2H), 1.39 (s, 12H); 13C NMR (75.4 MHz, CDCl3): δ: 
196.5, 139.8, 137.5, 134.6, 132.6, 130.1, 129.0, 128.3, 84.2, 24.9 ppm. 
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde 
 
1H NMR (300 MHz, CDCl3): δ 10.54 (s, 1H), 7.98-7.95 (d, J=7.8 Hz, 2H), 7.88-7.85 (d, J=8.4 






1H NMR (300 MHz, CDCl3): δ 10.54 (s, 1H) 7.96-7.94 (m, 1H), 7.86-7.84 (m, 1H), 7.58-7.64 
(m, 2H), 1.39 (s, 12H); 13C NMR (75.4 MHz, CDCl3) δ 194.7, 141.3, 135.5, 133.0, 130.8, 127.9, 
84.4, 25.0 ppm. 
2-(3,5-Dimethylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
 
 1H NMR (300 MHz, CDCl3): δ: 7.43 (s, 2H), 7.01 (s, 2H), 2.31 (s, 6H), 1.33 (s, 12H) ppm. 
13C 
NMR (75.4 MHz, CDCl3): δ: 137.2, 133.0, 132.4, 83.7, 24.9, 21.1 ppm. 
2-(4-Ethylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
 
 1H NMR (300 MHz, CDCl3): δ: 7.74 (d, J=8.1 Hz, 2H), 7.21 (d, J=7.8 Hz, 2H), 2.61 (q, J=7.2 
Hz, 2H), 1.34 (s, 12H), 1.23(t, J=15.3 Hz, 3H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 147.8, 





 1H NMR (300 MHz, CDCl3): δ: 7.75 (d, J=8.1 Hz, 2H), 6.88 (d, J=8.4 Hz, 2H), 4.06 (q, J=20.4 
Hz, 2H), 1.41(t, J=14.1 Hz, 3H), 1.34 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 161.6, 
136.5, 113.9, 83.5, 63.2, 24.9, 14.8 ppm. 
4,4,5,5-Tetramethyl-2-(naphthalen-2-yl)-1,3,2-dioxaborolane 
 
 1H NMR (300 MHz, CDCl3): δ: 8.38 (s, 1H), 7.90-7.88 (m, 4H), 7.54-7.45 (m, 2H), 1.40 (s, 
12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 136.3, 135.1, 132.9, 130.4, 128.7, 127.7, 127.0, 
125.9, 84.1, 25.1 ppm.  
4,4,5,5-Tetramethyl-2-(naphthalen-1-yl)-1,3,2-dioxaborolane 
 
1H NMR (300 MHz, CDCl3): δ: 8.76 (d, J=8.4 Hz, 1H), 8.08 (d, J=6.3 Hz, 1H), 7.93 (d, J=8.4 
Hz, 1H), 7.83 (d, J=6.3 Hz, 1H), 7.51-7.44 (m, 3H), 1.43 (s, 12H) ppm. 13C NMR (75.4 MHz, 





1H NMR (300 MHz, CDCl3): δ: 8.07 (s, 1H), 7.97 (d, J=7.2 Hz, 1H), 7.71-7.69 (m, 1H), 7.51-
7.46 (t, J=15.3 Hz, 1H), 1.36 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 138.0, 131.4, 
128.1, 127.8, 84.3, 24.9 ppm.  
Methyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate 
 
 1H NMR (300 MHz, CDCl3): δ 8.48 (s, 1H), 8.14(d, J=8.1 Hz, 1H), 8.00 (d, J=7.2 Hz, 1H), 
7.49-7.46 (m, 1H), 3.93 (s, 3H), 1.37 (s, 12H); 13C NMR (75.4 MHz, CDCl3): δ: 139.2, 135.9, 
132.3, 129.6, 128.2, 127.8, 84.1, 52.0, 24.9 ppm. 
Methyl 2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate 
 
 1H NMR (300 MHz, CDCl3): δ: 8.22 (s, 1H), 7.90 (d, J=9.9 Hz, 1H), 6.97 (d, J=8.4 Hz, 1H), 
3.95-3.88 (m, 6H), 1.34 (s, 12H) ppm. 13C NMR (75.4 MHz, CDCl3): δ: 166.6, 161.4, 140.2, 
138.4, 119.6, 111.2, 83.9, 56.0, 52.0, 24.9 ppm. 
1,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene 
 
1H NMR (300 MHz, CDCl3): δ 8.28 (s, 1H) 7.91-7.89 (d, J=7.5 Hz, 2H), 7.40-7.35 (m, 1H), 1.39 





1H NMR (300 MHz, CDCl3): δ 7.78 (s, 4H), 1.34 (s, 24H); 
13C NMR (75.4 MHz, CDCl3) δ 
133.9, 83.9, 25.0 ppm. 
1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene 
 
1H NMR (300 MHz, CDCl3): δ 7.66-7.63 (m, 2H), 7.38-7.35 (m, 2H), 1.36 (s, 24H); 
13C NMR 
(75.4 MHz, CDCl3) δ 133.5, 129.2, 83.9, 25.0 ppm. 
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Monophosphine-Coordinated 2-Phenylaniline-Based Palladacycle Complexes 
for Suzuki Cross-Coupling Polymerizations 
3.1. Introduction 
Over the past decades, Pd(0)-catalyzed Suzuki cross-coupling polymerization,1,2 e.g., the cross-
coupling reaction of aryl dihalides with aryldiboronic acids/acid esters, has become one of the 
most powerful methods for the synthesis of an array of conjugated polymers such as poly(arylene)s, 
which are useful materials with applications as semiconductors and sensors.  
Despite its widespread application in conjugated polymer synthesis, when our group started the 
study of Suzuki cross-coupling polymerizations in 2003, one notable limitation for reported 
Pd(0)-catalyzed Suzuki cross-coupling polymerizations was their inability to produce conjugated 
polymers in a controlled fashion similar to controlled radical polymerizations such as atom 
transfer radical polymerization (ATRP).3 Reported Pd(0)-catalyzed cross-coupling 
polymerization processes were unable to generate polymers with predetermined degree of 
polymerization and narrow polydispersity (PDI ≤ 1.20).4 Such a limitation impeded Pd(0)-
catalyzed Suzuki cross-coupling polymerization as a powerful tool for the preparation of 
conjugated polymers with controlled length and narrow polydispersity, which may have 
potentials in molecular electronics and nanotechnology. 
Our group attributed this limitation primarily to the step-growth nature of reported cross-coupling 
polymerization. The Pd(0) catalyst regenerated from the reductive elimination of initiation step 
diffused out of the homogenously generated product. The diffused Pd(0) catalyst could insert into 
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other aryl halides as well as the homogenously generated product. As a result more than one 
oxidative addition intermediates might be formed. Then each intermediate could react with 
monomer or oligomers with borate as end group. This process made the molecular weights, PDIs 
and chain-end functionalities of resulting polymers “uncontrolled” (Figure 3.1).  
 
Figure 3.1. Step-Growth Mechanism  
In 2005, our group envisioned that if the Pd(0)-catalyst regenerated after initiation could be 
oriented to under oxidative addition preferentially with the newly formed coupling product from 
the same catalytic cycle, the Suzuki cross-coupling polymerizations of AB-type monomers would 
occur via a chain-growth mechanism. The monomers will be added one by one to the chain ends, 
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just like ATRP (Figure 3.2). This concept was essential to turn the fashion of Pd(0)-catalyzed 
Suzuki cross-coupling polymerization from step-growth to chain-growth.5 
 
Figure 3.2. Chain-Growth Mechanism  
In the same paper, our group also established that Pd(0)/t-Bu3P was an efficient catalyst for 
achieving preferential oxidative addition,6 which paved the way for the development of 
controlled Pd(0)/t-Bu3P-catalyzed Suzuki cross-coupling polymerizations.
6 Since the publication 
of our results, great efforts had been made. Yokozawa has reported Suzuki-cross-coupling 
polymerizations of AB-type monomers, with PhPd(t-Bu3P)Br as the initiator.
7 With Na2CO3 
(aqueous) as the base, the polydispersity index (PDI) ≥ 1.33 was observed.7a With CsF/18-
crown-6 as the base system, narrower PDI (≥ 1.18) was reached with lower molecular weight 
(Mn = 6 400).
7b-c Huck also used ArPd(t-Bu3P)Br as the initiator for Suzuki cross-coupling 
polymerizations of n-type fluorene-containing AB-type monomers.8  The PDI was observed to 
increase from 1.15-1.16 to 1.27-1.29 with the increasing of the conversion. But the molecular 
weights of the formed polymers were not high (Mn= 3 300 to 9 600).
8 Other reports concerning 
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the end functional group control and applications for such controlled polymerization were also 
reported.9 In addition, the use of AB2 monomers for the preparation of hyperbranched polymers 
with PhPd(t-Bu3P)Br as the catalyst was also reported.
10,11 
In our laboratory, after establishing the preferential oxidative addition concept,6 our group turned 
the attention to the controlled Suzuki cross-coupling polymerization of AB-type monomers, as 
illustrated in Scheme 1.8.6 Our group established the feasibility of controlled Pd(0)/t-Bu3P-
catalyzed Suzuki cross-coupling polymerization and developed the use of ArPd(t-Bu3P)X 
complexes in situ generated from  Pd(0)/t-Bu3P/ArX (X = I, Br, Cl),
13,14 as a class of efficient 
initiators for controlled Pd(0)/t-Bu3P-catalyzed Suzuki cross-coupling polymerization of AB-
type monomers, with the PDI ≤1.20 in general and as low as 1.13 being achieved.  While 
isolated ArPd(t-Bu3P)Br complexes were first reported to be used as initiators,
4-8 there are 
shortcomings associated with them, which included significant polydispersity index (PDI) 
fluctuation (1.18- 1.55) with different Ar group or the increased molecular weight (over 10 000), 
limited scope of isolated ArPd(t-Bu3P)Br initiators due to the difficulty in isolation and 
purification of such palladium complexes, and difficulty to control the functional groups at the 
two ends of a polymer chain.10b,11 The use of in situ generated ArPd(t-Bu3P)X complexes from 
the combination of Pd2(dba)3/t-Bu3P and ArX,
12 offered several advantages over the use of 
isolated ArPd(t-Bu3P)X complexes as initiators, These advantages included omitting the 
isolation and purification of ArPd(t-Bu3P)X complexes,
15 and avoiding the redissolution process, 
which helped to narrow the PDIs of the polymerization process as the decomposition of even a 
small amount of ArPd(t-Bu3P)X initiator will significantly increase the PDI. However, limited 
ArX compounds, namely 4-BrC6H4I and 4-RC6H4Br (R = HOCH2, PhCO, OTs and OTf), were 




and a two-step method, i.e., by using Pd2(dba)3/t-Bu3P/p-TfOC6H4Br as initiator followed by a 
post-polymerization modification reaction of -OTf group, has to be used to access conjugated 
polymers bearing heterobisfunctional chain ends with  high chain end group fidelity (>98%).9c 
Initiator systems that can incorporate a broad spectrum of ArX with various functional groups to 
access conjugated polymers with narrow PDIs and controlled heterobisfunctional end groups in 
one step remained to be developed. 
The study from our group suggested that the shortcomings associated with the Pd2(dba)3/t-
Bu3P/ArX (X = I, Br) system were likely because of the favorable formation of 14-electron (t-
Bu3P)2Pd(0) complex from Pd2(dba)3 and t-Bu3P (details are discussed in chapter 4).
9a,9b This 14-
electron (t-Bu3P)2Pd(0) complex may not react directly with ArX, but after dissociation to t-Bu3P 
and 12-electron (t-Bu3P)Pd(0) species (likely only a very small amount), could initialize the 
uncontrolled polymerization during the controlled polymerization process, leading to broader 
PDIs. Our group reasoned that if a Pd(0)/t-Bu3P precursor that could minimize or avoid the 
formation of 14-electron (t-Bu3P)2Pd(0) complex, e.g., t-Bu3P-coordinated 2-phenylaniline-based 
palladacycle complex (1), which does not contain free t-Bu3P and has been demonstrated to 
generate 12-electron (t-Bu3P)Pd(0) species with a common base under mild conditions,
13 were 
used to generate the initiators, a broad spectrum of ArX with different functional groups might 
be incorporated in the initiator systems, and narrow PDIs and well-defined functional chain end 
groups might be achieved (Schemes 1.8). This was the background when I started the Suzuki 
cross-coupling polymerization study in Dr. Hu’s group.  
Scheme 3.1. Envisioned Monophosphine-Coordinated 2-Phenylaniline-Based Palladacycle 





My responsibility at that time was to help to prepare t-Bu3P coordinated 2-phenylaniline-based 
palladacycle complex as well as its analogs (Chart 3.1) and to establish the feasibility of the 
formation of 12-electron LPd(0) complexes from t-Bu3P-coordinated 2-phenylaniline-based 
palladacycle complex. I have thus prepared t-Bu3P-coordinated 2-phenylaniline-based 
palladacycle complex as well as its analogs (Chart 3.1) and used them as precatalysts for cross-
coupling reactions including polymerizations. The results of my study are reported in this chapter. 
Chart 3.1. Monophosphine-Coordinated 2-Phenylaniline-Based Palladacycle Complexes  
 
3.2. Preparation of Monophosphine-Coordinated 2-Phenylaniline-Based Palladacycle 
Complexes  
t-Bu3P-coordinated 2-phenylaniline-based palladacycle complex 1a was prepared from 2-
phenylaniline in 58% yield by a one-pot, two-step sequence (Scheme 3.2 ), similar to the 
reported synthesis.16 Precatalyst 1d,17 1e,161f18 and 1g19 were prepared by following reported 
procedures. Precatalysts 1b and 1c were prepared as described below. Palladacycle 1 including 
1a are air/moisture-stable.  





3.3. t-Bu3P-Coordinated 2-Phenylaniline-Based Palladacycle Complex for Suzuki Cross-
Coupling Reaction of Arylboronic Acids and Activated Aryl Chlorides 
To test the catalytic property of t-Bu3P-coordinated 2-phenylaniline-based palladacycle complex 
for generating the 12-electron (t-Bu3P)Pd(0) complex when treating with a base, we chose to test 
the Suzuki cross-coupling reaction of activated aryl chlorides as the coupling partners. Fu and 
co-workers reported that Pd2(dba)3/t-Bu3P catalyzes the Suzuki cross-coupling reaction of 
activated aryl chlorides at room temperature, in which the 12-electron (t-Bu3P)Pd(0) complex 
was believed to the catalytic active species for the reaction.20 We thus reasoned that if 1a could 
generate the 12-electron (t-Bu3P)Pd(0) complex upon treatment with a base, 1a should also be 
able to catalyze the Suzuki cross-coupling reaction of activated aryl chlorides with arylboronic 
acids.  
I have carried out the Suzuki cross-coupling reaction of 4-acetylphenyl chloride and 4-
chlorobenzophenone with phenylboronic acid with complexes 1a as the precatalyst. Our results 
are listed in Table 3.1. For comparison purpose, the catalyst from Pd2(dba)2 and t-Bu3P was also 
examined and the results are also listed in Table 3.1. As shown in Table 3.1, with complex 1a as 
the precatalyst, a 80.6% and 85.3% conversions were observed (Table 3.1, entries 1 and 3), while 
less than 10% conversions were observed with Pd2(dba)2 and t-Bu3P as the catalyst (Table 3.1, 
entries 2 and 4). These results showed that complex 1a was a much more efficient catalyst for 
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this cross-coupling reaction, likely because the catalytic active 12-electron (t-Bu3P)Pd(0) 
complex was efficiently generated from complex 1a than the Pd2(dba)3/t-Bu3P system. 
Table 3.1. The Suzuki Cross-Coupling Reaction of Activated Aryl Chlorides with Phenylboronic 
Acid a 
 
By using complex 1a as the precatalyst, two other arylboronic acids were used for the Suzuki 
cross-coupling reaction and our results are listed in Table 3.2.  Good to high yields were 
obtained. Our study showed that t-Bu3P-coordinated 2-phenylaniline-based palladacycle 
complex 1a was an efficient catalyst for the Suzuki cross-coupling reaction of activated aryl 
chlorides with arylboronic acids, supporting that 12-electron (t-Bu3P)Pd(0) complex can be 
efficiently generated from the precursor in the presence of a base. 





3.4. t-Bu3P-Coordinated 2-Phenylaniline-Based Palladacycle Complex 1a for Suzuki Cross-
Coupling Polymerizations 
Although Pd(0)-catalyzed Suzuki cross-coupling polymerizations (Scheme 3.3) have become one 
of the most powerful methods for the synthesis of an array of conjugated polymers such as 
poly(arylene)s, some shortcomings such as long reaction time, low polymerization yield and low 
molecular weight, exist for reported Suzuki cross-coupling polymerizations. Unlike the standard 
Suzuki cross-coupling reactions, in which only one catalytic cycle is involved for the product 
formation, multiple consecutive catalytic cycles are involved for the polymerization. The 
problems which are not obvious in the standard Suzuki couplings, such as low catalytic activities 
and catalyst decomposition, were amplified.21 Our group envisioned that the use of Pd(0) 
catalysts that possess high oxidative addition rates, e.g., 12 electron LPd(0) complexes from 
complex 1a,  could alter the rate-determining step from the oxidative addition step to the 
transmetalation step for the Suzuki cross-coupling polymerizations. Due to the rapid oxidative 
addition process forming [Pd(Ar)X(L)], the decomposition of the catalysts could be minimized, 
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the problems caused by the multiple consecutive catalytic cycle nature of polymerization might 
be addressed. 
Scheme 3.3. Pd catalyzed Suzuki Cross-Coupling Polymerizations 
 
 
Scheme 3.4. Proposed t-Bu3P-Coordinated 2-Phenylaniline-based Palladacycle Complex 1 for 
Suzuki Cross-Coupling Polymerizations 
 
 
After complex 1a was developed in our group, it was employed as the precatalyst for the Suzuki 
cross-coupling polymerization of aryl dibromides with aryldiboronic acids (AA/BB-Type 
monomer) at 60 oC,22 with the yields and molecular weights comparable to or higher than that of 
polymers obtained by using other palladium catalysts.21 Aiming at controlled Suzuki cross-
coupling polymerization, because higher temperature may interfere the preferential oxidative 
addition which may lead the polymerization to a step-growth mechanism, carrying out the 
controlled Suzuki cross-coupling polymerization at room temperature or even lower might lead 
to better controlling of the Suzuki cross-coupling polymerization. I thus examined the Suzuki 
cross-coupling polymerization at room temperature with complex 1a as the precatalyst. 
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I  began my work with the Suzuki cross-coupling polymerization of 2,7-dibromo-9,9-dihexyl-
9H-fluorene and 2,2'-(9,9-dihexyl-9H-fluorene-2,7-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) at room temperature (Table 3.3).23  After increasing reaction time to 2 hour, the 
molecular weight is more than twice as high as what we have published under 60 oC21(Table 3.3, 
entry 1). As a comparison, we set another polymerization under same condition with complex 1f, 
which has been proved to be an excellent catalyst for Suzuki cross-coupling reactions. I found 
that after 3.5 hours, the molecular weight of the formed polymer was only 6 000 (Table 3.3, 
entry 2). Longer reaction time and stronger base may increase the possibility of initiator’s 
decomposition during polymerization. To make sure complex 1a will be suitable for controlled 
polymerization, the polymerization under weaker base (K2CO3) was examined (Table 3.3, entry 
3-5). 30 minutes was enough for obtaining reasonably high molecular weight and yield for the 
polymerizations. These results showed the high efficiency of complex 1a on Suzuki cross-
coupling polymerization at room temperature.  
Table 3.3. Suzuki Cross-Coupling Polymerization of AA/BB-Type Monomer with Complex 1a 




Room temperature Suzuki Cross-Coupling Polymerization of AB-type monomer was also 
examined (Table 3.4). High molecular weights were obtained in 1 hour, under room temperature, 
with different bases (Table 3.4, entry 1-2). 

























Reaction condition: monomer (1.0 mmol),  palladacycle catalyst (2.0 %), Base (4 equiv), 














In summary, we demonstrated that t-Bu3P-coordinated 2-phenylaniline-based palladacycle 
complex 1a was an efficient precatalyst for the Suzuki cross-coupling polymerization with both 
AA/BB- and AB-type monomers in high efficiency at room temperature. 
3.5. t-Bu3P-Coordinated 2-Phenylaniline-Based Palladacycle Complex for One-Pot Cross-
Coupling Polymerization from Aryl Dibromides and Bis(pinacolato)diboron 
Arylboronic acid/acid esters are most widely used monomers for the Suzuki cross-coupling 
polymerizations.24-29 The  traditional preparing method required Mg or n-BuLi to form Grignard 
reagents or lithium reagents followed by treatment with trialkylborates.30 The air/moisture 
sensitive nature of Grignard or lithium reagents often lead to dehalogenated byproducts, which 
may participate in the polymerization processes. When making AA/BB-Type arylborate 
monomers, isolating of [(RO)2BAr(OR)2] from [(RO)2BAr-H] is very difficult which need finely 
chromatography column operation and recrystallization. The isolation of AB-Type monomers 
[(RO)2BArX] from [(RO)2BArH] is time-consuming and tedious as both compounds have nearly 
exactly same polarity from TLC. Three or even more rounds of silica gel column followed by 
recrystallization is necessary. Not to mention the low yield of the desired monomers which are 
pure enough for Suzuki cross-coupling polymerization. In Chapter 2, we have discussed 
preparation of aryl borates with aryl halides through Pd(0)-catalyzed coupling reaction. To 
prevent homo-coupling, the use of KOAc, which is a very weak base, is the only choice. Based 
on the consideration that, with a stronger base the formed arylborates can undergo Suzuki cross-
coupling reaction with aryl bromides, we envisioned that the Suzuki cross-coupling 
polymerization might be achieved in one-pot by using aryl dibromides and 
bis(pinacolato)diboron with palladacycle complexes as the precatalysts.31  
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Scheme 3.5. Proposed Monodentate Ligand-Coordinated 2-Phenylaniline-Based Palladacycle 
Complexes for the One-Pot Polymerizations 




























I have first tested this one-pot polymerization by using 1:1 ratio of aryl dibromides and 
bis(pinacolato)diboron and the results are listed in Table 3.5. I found that polymerization 
afforded the polymers in reasonable molecular weights and yields. However, comparing with the 
results of the Suzuki cross-coupling polymerization of AA/BB- and AB-type monomers with 
complex 1a as the precatalyst, the molecular weights were much lower.21 We speculated that this 
might be because of the nature of the one-pot polymerization: aryl dibromides need first to react 
with bis(pinacolato)diboron to form arylborates and/or aryldiborates, followed by Suzuki cross-
coupling polymerization. Hence, to form a polymer, aryl dibromides need to take two catalytic 
cycles rather than one, which might take longer time for the polymer formation.   




As the first step of borylation reaction needs to go well in order for the second Suzuki cross-
coupling polymerization step to continue, we reasoned that the success of the first borylation step 
would be important for the one-pot polymerization. To help the first borylation step, more 
bis(pinoacolato)diboron might be necessary. I thus decided to optimize this one-pot 
polymerization by screening the ratio of bis(pinacolato)diboron and reaction time. The results are 
listed in Table 3.6. As shown in Table 3.6, 5% and 10% more diboron did have positive effect 
(Table 3.6, entry 2-3), while further increasing was not helpful (Table 3.6, entry 4-8), likely 
because there were less aryl bromide monomer remaining. Longer reaction time led to higher 
yields and molecular weights, highlighting the advantage of these ratios (Table 3.6, entry 9-16). 




After that I screened monodentate ligand-coordinated 2-phenylaniline-based palladacycle 
complexes with different ligands for the one-pot polymerization and the results are listed in Table 
3.7. Under the same condition, t-Bu2PCy coordinated palladacycle 1b showed excellent reactivity 
(Table 3.7, entry 4). The molecular weight of the formed polymer was so high that it precipitated 
out during the polymerization. Shorter reaction time and other bases were also tested, reasonable 
molecular weight was obtained (Table 3.7, entries 9-11).  
I also examined the influence of the water for the one-pot polymerization. I reasoned that more 
water could prevent the polymerization from getting to higher molecular weight by early 
precipitation. On the other hand, H2O has to be present in the reaction system for dissolving base, 
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which could accelerate Suzuki cross-coupling polymerization. The amount of water was thus 
screened. The results proved our assumption. By screening different amounts of H2O, higher 
molecular weight were obtained (Table 3.7, entries 14-16). The highest molecular weight reached 
140 000 with 150 equivalent water (Table 3.7, entry 15). For entry 13, the low molecular weight 
might because of the incomplete dissolution of base.  
Table 3.7. One-Pot Polymerizations with Different Monodentate Ligand-Coordinated 2-




I also applied the optimized condition for other monomers. The results are shown in Table 3.8. 
The polymerization occurred smoothly. Good to excellent yields and molecular weights were 
obtained. 
Table 3.8. One-pot Polymerization of Aryl Dibromides with Bis(pinoacolato)diboron under 
optimized condition a 
 
In summary, one-pot polymerization of aryl dibromides and bis(pinacolato)diboron with 
monophosphine-coordinated 2-phenylaniline-based palladacycle complexes as the precatalyst 
was described. t-Bu2PCy-coordinated 2-phenylaniline-based palladacycle complex 1b was found 
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to be highly efficient precatalyst for such one-pot polymerization,31 which offered easy access to 
conjugated polymers without the isolation and purification of aryldiboronates.  
 
3.6. Summary 
Monophosphine-coordinated 2-phenylaniline-based palladacycle complexes have been prepared. 
They were efficient on generating 12-electron complex, which were used as polymerization 
catalyst for Pd(0)-catalyzed Suzuki cross-coupling polymerization. High molecular weights 
conjugated polymers were obtained at room temperature. The one-pot polymerizations of aryl 
dibromides and bis(pinacolato)diboron was developed for cross-coupling polymerization without 
preparing arylborates.   
 
3.7. Experimental 
General: 1H, 31P, 13C NMR spectra were recorded on Varian 600 MHz NMR spectrometer. 
Chemical shifts were determined relative to internal (CH3)4Si (TMS). All yields reported refer to 
isolated yields unless otherwise indicated. Mn and Mw/Mn (PDI) values of polymers were 
measured with gel permeation chromatography (Waters alliance GPC 2000) using THF as eluent 
(1 mL/min) at 40 oC, which were calibrated with polystyrene standards. Melting points were 
measured on a Fisher-Johns Melting Point Apparatus and uncorrected. 1,4-Dibromo-2,5-
bis(hexyloxy)benzene, 2,5-bis(hexyloxy)-1,4-phenylenediboronic acid were prepared according 
to the reported procedure.1 2,7-dibromo-9,9-dihexyl-9H-fluorene,  9,9-dioctyl-2,7-bis(4,4’,5,5’-
tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-fluorene and 9,9-dihexyl-2,7-bis(4,4’,5,5’-tetramethyl-
1,3,2-dioxaborolan-2-yl)-9H-fluorene are prepared in a way similar to the literature. Complexes 
1a-1g were prepared by following reported method.21 THF was freshly distilled from 
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sodium/benzophenone. Unless otherwise mentioned, other solvents and reagents were purchased 
from commercial sources and used as received. 
 
General Procedure for the Synthesis of precatalyst 1: In glovebox, a mixture of Pd(OAc)2 
(336 mg, 1.5 mmol) and 2-aminobiphenyl (264 mg, 1.5 mmol) in anhydrous toluene (10 mL) 
was heated at 60 oC under N2 atmosphere for 30 min. After the reaction was cooled to room 
temperature, the toluene was removed. The remaining solid was washed with anhydrous toluene 
(2 x 2 mL) and then suspended in anhydrous acetone (10 mL). Lithium chloride (191 mg, 4.5 
mmol) was added to the suspension and the mixture was stirred at room temperature under N2 
atmosphere for 1 h. The ligand (1.4 mmol) was then added to the solution. The mixture was 
stirred at room temperature for 2.5 h. Removal of about 90% of the solvent under vacuum 
afforded yellow slurry, which was treated with methyl t-butyl ether (5 mL) and pentane (10 mL). 
The mixture was then placed in refrigerator for 1 h. Then, the mixture was filtered, washed with 
water and pentane and dried under vacuum to afford complex 1. 
 
1a: Yield: 58% Yellow solid. 1H NMR (600 MHz, CDCl3): δ 7.47 (dd, J = 3.6 Hz, J = 7.2 Hz, 1 
H), 7.42 (d, J = 7.8 Hz, 1 H), 7.20 - 7.14 (m, 4 H), 7.02 (t, J = 7.2 Hz, 1 H), 6.96 (t, J = 7.2 Hz, 1 
H), 5.08 (s, 1 H), 4.41 (s, 1 H), 1.31 (d, J = 12.6 Hz, 27 H) ppm. 13C NMR (125 MHz, CDCl3): δ 
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146.4, 140.1, 139.0, 138.2, 138.2, 136.1, 128.1, 126.7, 126.4, 125.0, 124.7, 119.0, 39.9, 32.6 
ppm. 31P NMR (121 MHz, CDCl3): δ 77.79 ppm.
  
 
1b: Yield: 43% Gray solid. 1H NMR (600 MHz, CDCl3): δ 7.46 (d, J = 6.6 Hz, 1 H), 7.36 (d, J = 
6.6 Hz, 1 H), 7.19-7.15 (m, 4 H), 7.06-7.05 (m, 2 H), 4.88 (s, 1 H), 4.59 (s, 1 H), 1.64-0.99 (m, 
28 H) ppm. 13C NMR (125 MHz, CDCl3): δ 140.4, 140.1, 136.9, 135.6, 128.1, 127.5, 126.7, 
125.3, 125.0, 124.9, 119.4, 38.1, 38.0, 37.3, 37.2, 31.4, 31.1, 30.9, 27.9, 27.8, 27.3, 27.2, 26.3 
ppm. 31P NMR (121 MHz, CDCl3): δ 67.59 ppm.
  
General Procedure for the Suzuki Cross-Coupling Reaction of Arylboronic Acids and 
Activated Aryl Chlorides: Under N2 in a glove-box, aryl chloride (0.3 mmol), boric acid, 
palladacycle complex 1a (1 mmol %) and base (3.3 equiv) were mixed together in a 5 ml vail. 
Then THF (0.5 mL) and H2O (0.1 mL) were added. The mixture was stirred in the glove-box. 
Then saturated NH4Cl solution (1.0 ml) was added to quench the reaction. Dichlomethane (10 
ml) was used for the extraction. The organic layer was combined together and was washed with 
water (5 ml) for 3 times. The organic layer was concentrated by rotary evaporator. Column 
chromatography afforded the desired compound (hexanes: ethyl acetate from 100:0 to 10:1).  
General Procedure for the Suzuki cross-coupling polymerization: Under N2 atmosphere, to a 
solution of dibromide monomer (0.101 mmol) and diboronic acid monomer (0.1 mmol) in dry 
THF (0.5 mL), precatalyst 1a (0.002 mmol, 2 mmol%) was added. K3PO4 solution (2 M, 0.2 mL) 
was then added to the mixture. After stirring at 60 oC for 1 h, the mixture was poured into HCl 
solution (5 M, 10 mL) with stirring. The product was extracted with CH2Cl2 (3 x 15 mL), the 
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combined organic layer was washed with brine and dried over Na2SO4. After removal of solvents 
under vacuum, the residue was dissolved in a small amount of THF and added slowly to 
methanol with stirring. The precipitation formed was collected by filtration, washed with 
methanol. The dissolution-precipitation process was repeated two more times to afford the final 
product, which was dried under vacuum for 4h. 
General Procedure for the One-Pot Polymerization of Aryl Dibromides with 
Bis(pinoacolato)diboron: Under N2 atmosphere, to a solution of aryl dibromide monomer (0.1 
mmol) and bis(pinoacolato)diboron (0.1 mmol) in dry THF (0.5 mL), catalyst (0.004 mmol, 4 
mmol %) was added. K3PO4 solution (2M, 0.2 mL) was then added to the mixture. After stirring 
at room temperature for 1 h, the mixture was poured into HCl solution (5 M, 10 mL) with 
stirring. The product was extracted with CH2Cl2 (3 X 15 mL). After removal of solvents under 
vacuum, the residue was dissolved in a small amount of CH2Cl2 and added slowly to methanol 
with stirring. The precipitation formed was collected by filtration, washed with methanol. The 
dissolution-precipitation process was repeated two times to obtain the product, which was dried 
under vacuum for 5 hours.  
 
GPC: Mn  6 000 (PDI = 1.55). 1H NMR (600 MHz, CDCl3): δ 7.09 (s, 2 H), 3.92 (s, 4 H), 1.67 ~ 
1.68 (m, 4 H), 1.27 ~ 1.36 (m, 12 H), 0.87 (t, J = 6.0 Hz, 6 H) ppm. 13C NMR (125 MHz, 




GPC: Mn 22 200 (PDI = 2.22). 1H NMR (600 MHz, CDCl3): δ 7.84 (d, J = 7.8 Hz, 2 H), 7.67 ~ 
7.70 (m, 4 H), 2.12 (br, 4 H), 1.13 ~ 1.17 (m, 16 H), 0.79 (t, J = 7.2 Hz, 6 H) ppm. 13C NMR 
(125 MHz, CDCl3): δ 151.8, 140.5, 140.0, 126.1, 121.0, 119.9, 55.4, 40.2, 31.4, 29.6, 22.5, 14.0 
ppm.  
 
GPC: Mn 11 600 (PDI = 2.15). 1H NMR (600 MHz, CDCl3): δ 7.84 (d, J = 7.2 Hz, 2 H), 7.67 ~ 
7.70 (m, 4 H), 2.12 (br, 4 H), 1.14 ~ 1.24 (m, 24 H), 0.79 ~ 0.84 (m, 10 H) ppm. 13C NMR (125 
MHz, CDCl3): δ 151.8, 140.4, 140.0, 126.1, 121.4, 119.9, 55.3, 40.3, 31.7, 30.0, 29.2, 24.8, 23.8, 
22.6, 14.0 ppm. 
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  Controlled Pd(0)-Catalyzed Suzuki Cross-Coupling Polymerizations of AB-
Type Monomers 
4.1. Introduction 
Pd(0)-catalyzed Suzuki cross-coupling polymerizations have become powerful tools for the 
synthesis of a wide range of conjugated polymers. Most of reported polymerization method were 
carried out via the step-growth mechanism.1 Meanwhile, the reports focused on controlled Pd(0)-
catalyzed Suzuki cross-coupling polymerizations via the chain-growth mechanism are still 
limited.2 In 2005, our group hypothesized that the key to achieving Pd(0)-catalyzed Suzuki cross-
coupling polymerization in a controlled fashion would be to achieve the preferential oxidative 
addition of the regenerated Pd(0) catalyst with the newly formed coupling product from the same 
catalytic cycle, which is a concept that was essential for changing the Pd(0)-catalyzed Suzuki 
cross-coupling polymerization from a step-growth process into a chain-growth process. We also 
established that Pd(0)/t-Bu3P is an efficient catalyst to achieve such a preferential oxidative 
addition. Since then, great efforts had been made using Pd(0)/t-Bu3P-catalyzed Suzuki cross-
coupling polymerizations of AB-type monomers with ArPd(t-Bu3P)Br as the initiator. Initiation 
is the key step for controlled polymerization. As a result, the use of appropriate initiators become 
extremely important. Generally there are two types of initiators for Pd(0)/t-Bu3P-catalyzed 
Suzuki cross-coupling polymerization.3-8 Isolated ArPd(t-Bu3P)Br complexes were used as 
initiators earlier. But there were shortcomings. The palladium complexes are difficult to isolate 
and purify, which limited the scope of Ar group for me to choose. And minor decomposition of 
initiator is inevitable during storage and redissolution. As a result, PDI fluctuated significantly.3-7 
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The in situ generated ArPd(t-Bu3P)Br is another widely used type of initiator, which was 
generated by directly mixing of Pd2(dba)3/t-Bu3P and ArX.
 9,10 The advantage is obvious. The 
isolation and purification were omitted, which lead to low decomposition rate. The PDI 
fluctuating decreased dramatically. However, the scope of ArX is still limited. When working 
with Pd2(dba)3/t-Bu3P, only a few of ArX compounds could achieve narrow PDIs (1.14-1.20).
9 
These shortcomings were likely because of the tendency for forming of 14-electron complex (t-
Bu3P)2Pd(0), which may not react with ArX directly but dissociated to t-Bu3P and (t-Bu3P)Pd(0) 
later. The dissociated (t-Bu3P)Pd could initialize another polymerization while the former 
initiated controlled polymerization is processing, which increases PDI seriously.11-13 The 
mechanism is showed in Scheme 4.1. 
Scheme 4.1. Pd2(dba)3/t-Bu3P/ArX (X = I, Br) as Initiators for Controlled Suzuki Cross-
Coupling Polymerization 
To avoid the formation of 14-electron complex L2Pd(0), we reasoned that precursors that could  
generate 12-electron (L)Pd(0) without any free monophosphine ligand could be suitable 
precursors for our study. For example, t-Bu3P-coordinated 2-phenylaniline-based palladacycle 
complex, which could generate 12-electron complex efficiently and has been mentioned and 
used in the Chapters 2 and 3, was developed in our group. The envisioned mechanism is showed 
in Scheme 4.2. 
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Scheme 4.2. Envisioned Monophosphine-Coordinated 2-Phenylaniline-Based Palladacycle 
Complex/ArBr as Initiators for Controlled Suzuki Cross-Coupling Polymerization 
 
In this chapter, my study of using monophosphine-coordinated palladacycle complexes as the 
unique source of Pd(0)/monophosphine and aromatic bromides to access efficient initiator 
systems to afford conjugated polymer with predictable molecular weight, narrow PDIs and well-
defined functional chain end groups is described. 
4.2. t-Bu3P-Coordinated 2-Phenylaniline-Based Palladacycle Complex for Controlled 
Suzuki Cross-Coupling Polymerization 
Although the results obtained of using Pd2(dba)3/t-Bu3P and ArX are excellent, there are still 
shortcomings which prohibit us from improving the efficiency for controlled Suzuki cross-
coupling polymerization. The shortcomings associated with the Pd2(dba)3/t-Bu3P/ArX (X = I, Br) 
system were likely because of the favorable formation of 14-electron (t-Bu3P)2Pd(0) complex 
from Pd2(dba)3 and t-Bu3P. This 14-electron (t-Bu3P)2Pd(0) complex may not react directly with 
ArX, but after dissociation to t-Bu3P and 12-electron (t-Bu3P)2Pd(0) species (likely only a very 
small amount), could initialize the later polymerization during the former controlled 
polymerization process, leading to broader PDIs. We reasoned that if a Pd(0) /t-Bu3P precursor 
that could minimize or avoid the formation of 14-electron (t-Bu3P)2Pd(0) complex, for 
example,t-Bu3P-coordinated 2-phenylaniline-based palladacycle complex 1a, which does not 
contain free t-Bu3P and has been demonstrated to generate 12-electron (t-Bu3P)Pd(0) species 
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with a common base under mild conditions, were used to generate the initiators, a broad 
spectrum of ArX with different functional groups might be incorporated in the initiator systems, 
and narrow PDIs and well-defined functional chain end groups might be achieved.  
t-Bu3P-coordinated 2-phenylaniline-based palladacycle complex 1a was designed and employed 
as the unique source of Pd(0)/t-Bu3P and a variety of aromatic bromides to access efficient 
initiator systems for controlled Suzuki cross-coupling polymerization of AB-type monomers 
(Scheme 4.3.  
Scheme 4.3. t-Bu3P-Coordinated 2-Phenylaniline-Based Palladacycle Complex/ArBr as Efficient 
Initiators for Controlled Suzuki Cross-Coupling Polymerization 
 
To better understand the initiator system in situ generated from complex 1a and ArBr, I 
examined the precatalyst 1a/4-C2H5O2CC6H4Br combination by 
31P NMR spectroscopy 
(Figure 4.1). It was found that when mixing precatalyst 1a, 4-C2H5O2CC6H4Br, and K2CO3, 
31P 
NMR showed that precatalyst 1a cleanly converted to mainly 4-C2H5O2CC6H4Pd(t-Bu3P)Br 
along with a small amount of Pd(t-Bu3P)2 (Figure 5.1d). In comparison, 
31P NMR showed that 
mixing Pd2(dba)3, t-Bu3P, and 4-C2H5O2CC6H4Br yielded a mixture of predominantly Pd(t-
Bu3P)2 and t-Bu3P (Figure 4.1e). These observations showed 4-C2H5O2CC6H4 Pd(t-Bu3P)Br was 
formed much more efficiently for the precatalyst 1a/ArBr initiator system than the Pd2(dba)3/t-
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Bu3P/4-C2H5O2CC6H4Br initiator system, which might account for why the precatalyst 1a/ArBr 
initiator system was a better initiator system. 
 
Figure 4.1. 31P NMR study (in THF): (a) t-Bu3P; (b) precatalyst 1; (c) Pd(t-Bu3P)2, (d) 4-
C2H5O2CC6H4Br + 1 + K2CO3, r.t., 1 h; (e) Pd2(dba)3 + t-Bu3P + 4-C2H5O2CC6H4Br, r.t., 1 h. 
In summary, t-Bu3P-coordinated 2-phenylaniline-based palladacycle complex 1a was envisione 
and developed to minimize or avoid the formation of 14-electron (t-Bu3P)2 Pd(0) complex. To 
better understand why precatalyst 1a/ArBr were excellent initiator systems for controlled Suzuki 
cross-coupling polymerization, 31P NMR study of precatalyst 1a/ArBr was carried out. Our study 
showed 4-C2H5O2CC6H4 Pd(t-Bu3P)Br, the real initiator, was formed much more efficiently for 
the precatalyst 1a/ArBr initiator system than the Pd2(dba)3/t-Bu3P/4-C2H5O2CC6H4Br initiator 
system, which might explain why the precatalyst 1a/ArBr initiator system was a better initiator 
system. Our study suggested that precatalyst 1a/ArBr might be useful initiators for other 
controlled cross-coupling polymerizations. In addition, our study paved the road for us to 
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investigate the use of other monophosphine-coordinated palladacycle complexes as precatalysts 
for controlled cross-coupling polymerizations.  
4.3. Controlled Pd(0)/Ad3P-Catalyzed Suzuki Cross-Coupling Polymerization with 
Ad3P-Coordinated Acetanilide-Based Palladacycle Complex as Initiator 
4.3.1. Introduction 
Since the identification t-Bu3P-coordinated 2-phenylaniline-based palladacycle complex as a 
unique initiator system for controlled Pd(0)-catalyzed Suzuki crosscoupling polymerizations,14-25 
we have been interested in equipping other monodentate ligands that could exhibit catalytic 
properties better than or similar to t-Bu3P, on monodentate ligand-coordinated palladacycle 
complex. Based on our previous study on preferential oxidative addition and controlled 
polymerization, we reasoned that such monodentate ligands likely need to meet the following 
two criteria: (1) to be as electron-rich as or more electron-donating than t-Bu3P, which would 
allow to achieve preferential oxidative addition, and (2) to be bulky enough that would allow the 
reductive elimination step to occur efficiently to minimize chain transfer or termination during 
the polymerization.17-21 Tris(1-adamantyl)phosphine (Ad3P) (Figure 4.2) has recently been 
reported to be sterically similar to t-Bu3P but more electrondonating than t-Bu3P and Ad3P-
coordinated acetanilide-based palladacycle complex 2 is readily accessible (Figure 4.2).26 We 
thus reasoned that Ad3P might possess the catalytic properties of t-Bu3P and envisioned that 
Ad3P might be an efficient ligand for controlled Pd(0)-catalyzed cross-coupling polymerizations 
of AB-type monomers (Figure 4.2).  
Figure 4.2. Tris(1-adamantyl)phosphine (Ad3P) and Ad3P-Coordinated Acetanilide-Based 




We tried to make Ad3P-coordinated 2-phenlaniline-based palladacycle complex at the beginning 
(Figure 4.3). However, with the similar procedure of preparation we did not isolate pure desired 
complex. There was about 30% free Ad3P ligand in the mixture. Preliminary tested controlled 
polymerization with this mixture showed higher PDI. That maybe because of preferential 
forming of 14-electron complex (Ad3P)2Pd(0), which generated (Ad3P)Pd(0) after initiation and 
initiate uncontrolled polymerization. 
Figure 4.3. Ad3P-coordinated 2-phenlaniline-based palladacycle complex 
 
Since we were unable to obtain pure Ad3P-coordinated 2-phenlaniline-based palladacycle 
complex, as an alternative, we employed Ad3P as the ligand for controlled Pd(0)-catalyzed 
Suzuki cross-coupling polymerization of AB-type monomers, specifically using Ad3P 
coordinated acetanilide-based palladacycle complex 2 as an initiator, to afford conjugated 
polymer with predictable molecular weights and narrow PDI and well-defined functional chain 
end groups.  
Mechanistically, as initiator system, complex 2 has advantages comparing with complex 1a/ArX. 
After reacting with base, the complex 2 will serve as the initiator directly without oxidative 
addition, which means it would have higher efficiency on generating initiator. The hypothetical 
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mechanism of Ad3P-coordinated acetanilide-based palladacycle initiated controlled Suzuki cross-
coupling polymerization is showed in Figure 4.4. 
Figure 4.4. Ad3P-Coordinated Acetanilide-Based Palladacycle Initiated Controlled Suzuki 
Cross-coupling polymerization 
 
4.3.2. Results and Discussion 
Our study began with the polymerization of 7-bromo-9,9- dihexylfluoren-2-ylboronic acid 
pinacol ester by using Ad3P coordinated acetanilide-based palladacycle complex 2 and t-Bu3P-
coordinated 2-phenlaniline-based palladacycle complex 1a/ArBr as initiators. When complex 2 
was used as the initiator, under the same polymerization condition [10 equiv. of K2CO3, THF (5 
mL), 0 oC, 1 hour], the polymer was obtained in 56% yield, with a Mn = 4 800 (PDI  = 1.12) 
(Table 4.1, entry 1). On the other hand, a polymer was obtained in 84% yield, with a Mn = 5 700 
(PDI  = 1.15) with complex 1a/ArBr as the initiator (Table 4.1, entry 2). These results showed 
that the polymerization with Ad3P as the ligand occurred slower than the polymerization with t-
Bu3P as the ligand. We attributed this to the bulkier structure of Ad3P. To increase the reaction 
rate, we increased the concentration by using 2.5 mL of THF (Table 4.1, entry 3). The 
polymerization was completed in 60 minutes, affording the polymer with a yield of 88% and a 
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PDI of 1.16 (Table 4.1, entry 3). This result proved our assumption that complex 2 is a good 
initiator for controlled Suzuki cross-coupling polymerization. 











K2CO3 (2 M aq, 10 equiv.), THF,









a. Polymerization condition for complex 1a: monomer (1 equiv) complex 1a (12 mol%), 
ethyl 4-bromobenzoate (20 mol%), K2CO3 (2M, 0.5 mL), THF (6 mL), 40 min, 0 
o
C. 
Polymerization condition for complex 2: monomer (0.2 mmol), 2 (6 mol %), base (2 M aq, 
0.5 mL), THF (5 mL), 0 
o
C 60 min.  b. Isolated yield. c. As determined by GPC (PS 










Then I began to screen reaction conditions. Different common inorganic bases were first tested 
for the polymerization at room temperature (Table 4.2, entries 1-4). It was found that potassium 
carbonate was the best base, affording the polymer with 79% yield and a PDI of 1.27 (Table 4.2, 
entry 2). To narrow the PDI, we then carried out the polymerization at 0 °C. We found although 
only 39% yield was observed after 30 min, a PDI of 1.11 was obtained (Table 4.2, entry 5). 
Extending the polymerization time to 60 minutes afforded the polymer with 79% yield and a PDI 
of 1.12 (Table 4.2, entry 6). These results suggested that Ad3P was indeed an efficient ligand for 
the controlled Suzuki cross-coupling polymerization of AB-type monomers. We have also 
briefly examined the impact of the amounts of base on the polymerization and found 10-12 
equivalents of potassium carbonate resulted in better control of the polymerization, as evidenced 




Table 4.2. Condition Screening for Pd(0)/Ad3P-Catalyzed Suzuki Cross-Coupling 
Polymerization of 7-Bromo-9,9-dihexylfluoren-2-ylboronic Acid Pinacol Ester with Complex 2 
as Initiator a 
 
Other AB-type monomers were examined with complex 2 as initiator for the controlled 
polymerization and our results are listed in Table 4.3. We found that the polymerization proceed 
smoothly for these AB-type monomers with complex 2 as initiator, affording polymers with 
narrow PDIs (Table 4.3, entries 2-5). We also found that when 7-iodo-9,9-dihexylfluoren-2- 
ylboronic acid pinacol ester was used as the monomer, the polymerization occurred very slowly 
(Table 4.3, entry 6), likely because of the slow transmetalation process for ArPdI species. 
Carrying out the polymerization at room temperature afforded the polymer with 81% yield 
(Table 4.3, entry 7). In addition, we found that by using different amounts of the initiator, the 
molecular weight of the polymer could be adjusted with a slight fluctuation of the PDI (Table 
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4.3, entries 1, 8-10). When 2 mol % of complex 2 was used for the polymerization, a low 
conversion (27%) was observed (Table 4.3, entry 11), supporting that the polymerization was 
slower with Ad3P as the ligand than the polymerization with t-Bu3P as the ligand.  
Table 4.3. Pd(0)/Ad3P-Catalyzed Suzuki Cross-Coupling Polymerization of AB-Type 




To support the chain-growth nature of the controlled Suzuki cross-coupling polymerization with 
complex 2 as initiator, we examined the relationship between the monomer conversion and the 
molecular weight of the generated polymer. We found a linear relationship between them, with 
almost no change in PDI (1.13-1.15) for polymers obtained at different conversions, a 
characteristic of chain-growth polymerization. The conversion, Mn and PDI of each polymer for 
15, 30, 45, 60 min were 48% (4700, 1.13), 60% (5700, 1.15), 76% (6500, 1.13), 84% (7500, 
1.13). 
Figure 4.5. Molecular Weight–Conversion Relationship Study for Polymerization with Complex 
2 as the Initiator:  
 
Relationship between the monomer/initiator loading and the molecular weight of the generated 
polymer was also examined. We found a clear linear relationship between them. The change in 
PDI is very small (1.12-1.18) for polymers obtained at different initiator loading.  





Matrix-assisted laser desorption ionization-time of flight (MALDI-tof) mass spectrometry was 
used to analyze the end groups of polymer products. Generally, there was only one series of 
peaks being observed in MALDI-tof spectra, which corresponded to the polymers with a 2-
aminophenyl group as one end group (from initiator 2) and p-methoxyphenyl or  
p-fluorophenyl group as the other end group (from the quenching reagent Ar’B(OH)2. These 
results indicated that the end groups were well-controlled when complex 2 was employed as 
initiator for Suzuki cross-coupling polymerization with AB-type monomers. The results that all 
polymers contain the 2-aminophenyl group from the initiator supported that all the polymers 
were grown from the initiator 2 via a chain-growth fashion.  
Figure 4.7. MALDI-TOF Mass Spectra of Polymers Obtained by Polymerization with Complex 





We demonstrated that Ad3P was an efficient ligand for controlled Pd(0)-catalyzed Suzuki cross-
coupling polymerizations of AB-type monomers. With Ad3P-coordinated acetanilide-based 
palladacycle complex 2 as the initiator, controlled Suzuki cross-coupling polymerization 
occurred efficiently, affording polymers with narrow PDI (1.12-1.18) and well-defined end 
groups. The more bulky structure of Ad3P slow down the polymerization. These characteristics 
give us a hint that complex 2 may be a suitable initiator for controlled Suzuki cross-coupling 
polymerization of chloride containing AB-type of monomers. Research work focused on this 
area is in progress.  
4.4. Controlled Pd(0)/t-Bu2PCy-Catalyzed Suzuki Cross-Coupling Polymerization with 
Complex 1b as Initiator 
4.4.1. Introduction 
After the identification of t-Bu3P-coordinated 2-phenlaniline-based palladacycle complex as an 
efficient initiator for controlled Pd(0)-catalyzed Suzuki cross-coupling polymerizations, we have 
been interested in developing other ligands that are a little bit smaller than t-Bu3P. That means, 
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comparing with t-Bu3P, such monodentate ligands should have similar electron-richness and less 
bulky structure. We assumed that these features will help us to obtain polymers with high 
molecular weight in short time through a chain-growth mechanism. In chapter 3, we have 
introduced the excellent performance of t-Bu2PCy-coordinated 2-phenylaniline-based 
palladacycle complex 1b as precatalyst for one-pot polymerization (Figure 4.8). We envisioned 
that complex 1b might be an efficient ligand for controlled Pd(0)-catalyzed cross-coupling 
polymerizations of AB-type monomers. 
Figure 4.8. t-Bu2PCy-Coordinated 2-Phenylaniline-Based Palladacycle Complex 1b 
 
Complex 1b and complex 1a belong to the same serial of complexes. They could have similar 
mechanism of controlled Suzuki cross-coupling polymerization (Figure 4.9). 
Figure 4.9. Envisioned t-Bu2PCy-Coordinated 2-Phenylaniline-Based Palladacycle 
Complex/ArBr as Initiators for Controlled Suzuki Cross-Coupling Polymerization 
 
4.4.2. Results and Discussion 
Our study began with the polymerization of 7-bromo-9,9- dihexylfluoren-2-ylboronic acid 
pinacol ester by using t-Bu2PCy-coordinated 2-phenylaniline-based palladacycle complex 1b 




Table 4.4. Preliminary tested controlled polymerizations a 
 
The results showed that the PDIs were quite high. With our experience on complex 1a/ArBr for 
controlled Suzuki cross-coupling polymerization, we screened the reaction conditions. Extending 
initiation time did not have better effect (Table 4.5, entries 2, 6), neither did increasing 
polymerization temperature (Table 4.5, entries 5, 6). That may be because of the decomposition 
of initiators. Higher initiator loading did improve the yield and molecular weight, but increased 
the PDI at the same time. We attributed the higher PDI to incomplete initiation. Part of the 
initiator was generated during the initiation period and polymerized monomers in a controlled 
method. Meanwhile, other initiators were activated slowly and initialized another polymerization 
later. 
Table 4.5.  Primary Condition Screening for Pd(0)/t-Bu2PCy-Catalyzed Suzuki Cross-Coupling 
Polymerization of 7-Bromo-9,9-dihexylfluoren-2-ylboronic Acid Pinacol Ester with Complex 1b 




To address these problems, we need to initiate polymerization completely and efficiently. We 
increased the initiation temperature (Table 4.6) and further screened the conditions. With the 
increasing of initiation temperature the PDI was decreased (Table.4.6, entries 1-3). When the 
temperature reached 70 oC, the PDI was less than 1.2 (Table.4.6, entry 4), meaning the 
polymerization might mainly be through a chain-growth mechanism. Extending initiation time 
under 70 oC to 60 min did not increase the PDI, even with shorter reaction time (Table 4.6, 
entries 5-8). Longer initiation time (90 min), will increase the PDI dramatically to 1.32 (Table 
4.6, entry 9). Changing reaction temperature was not helpful (Table 4.6, entries 10-11). K3PO4 
was checked as an alternative base. It did not show any advantage (Table 4.6, entries 12-14). 
Table 4.6. Condition Screening for Pd(0)/t-Bu2PCy-Catalyzed Suzuki Cross-Coupling 





To support the chain-growth nature of the controlled Suzuki cross-coupling polymerization with 
complex 1b as initiator, we examined the relationship between the monomer conversion and the 
molecular weight of the generated polymer. We found a linear relationship between them, with 
small change in PDI (1.16-1.24) for polymers obtained at different conversions, a characteristic 
of chain-growth polymerization. The conversion, Mn and PDI of each polymer for 10, 15, 20, 25, 
30 min were 39% (2200, 1.24), 46% (2900, 1.17), 65% (3700, 1.16), 84% (4400, 1.18), 92% 
(4100, 1.18). 
Figure 4.10. Molecular Weight–Conversion Relationship Study for Polymerization with 
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Relationship between the monomer/initiator loading and the molecular weight of the generated 
polymer was also examined. We found a linear relationship between them. The change in PDI is 
small (1.18-1.27) for polymers obtained at different initiator loading.  
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Other AB-type monomers were examined with complex 1b as initiator for the controlled 
polymerization and our results are listed in Table 4.7. We found that the polymerization proceed 
mainly through a chain-growth way for these AB-type monomers with complex 1b as initiator, 
affording polymers with low PDIs (Table 4.7, entries 2-5).  
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Table 4.7. Pd(0)/t-Bu2PCy-Catalyzed Suzuki Cross-Coupling Polymerization of AB-Type 




t-Bu2PCy was found to be an efficient ligand for controlled Pd(0)-catalyzed Suzuki cross-
coupling polymerizations of AB-type monomers. With complex 1b/ArBr as the initiator, 
controlled Suzuki cross-coupling polymerization occurred smoothly, affording polymers with 
low PDI (1.13-1.29). However, comparing with other initiator systems in this chapter such as 
complex 1a/ArX and complex 2, the initiation of complex 1b/ArBr is hard and the initiator 




General: 1H & 13C NMR spectra were recorded on Varian 600 MHz NMR spectrometer. 
Chemical shifts were determined relative to internal (CH3)4Si (TMS). All yields reported refer to 
isolated yields unless otherwise indicated. Mn and Mw/Mn (PDI) value of polymers were 
measured with gel permeation chromatography (TOSOH HLC-8320GPC) using THF as eluent 
(1 mL/min) at 40 oC, which were calibrated with polystyrene standards. MALDI-TOF mass 
spectra were recorded on a Bruker Reflex III in the reflection mode with a laser (λ = 337 nm) 
using 1,1,4,4-tetraphenyl-1,3-butadiene as a matrix. Unless otherwise mentioned, solvents and 
reagents were purchased from commercial sources and used as received. 2-(7-Bromo-9,9-
dihexyl-9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 2-(7-bromo-9,9-dioctyl-9H-
fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 2-(7-iodo-9,9-dihexyl-9H-fluoren-2-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane and 3-bromo-5-methylphenylboronic acid are  prepared 
in the way similar to the literature.9 4-Bromo-2,5-dihexyloxyphenylboronic acid was prepared 
according to the reported procedure but purified by recrystallization from methanol.10 The 
preparation of monophosphine-coordinated 2-phenylaniline-based palladacycle complex 1a was 
previously reported.11 THF was freshly distilled from sodium/benzophenone.   
General Procedure for the polymerization of 2-(7-bromo-9,9-dihexyl-9H- fluoren-2-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane with Precatalyst 1a/ArBr as initiator and quenched 
by arylboronic acid: In a glove-box under N2 atmosphere, to a 5-mL vial containing precatalyst 
1a (6.0 mg, 0.012 mmol) and aryl bromide (80 μL, 0.25 M solution in THF) in THF (0.4 mL) 
was added K2CO3 solution (0.5 mL, 2 M aqueous solution). The mixture was stirred for 40 
minutes at room temperature to generate the initiator. Another vial containing 2-(7-bromo-9,9-
dihexyl-9H-fluoren-2- yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.1 mmol) in THF (5.4 mL) 
was cooled to 0 oC. The solution of the in situ generated initiator was quickly injected into the 
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solution of monomer and the resulting mixture was stirred for 40 min at 0 oC. The reaction was 
quenched by injecting arylboronic acid (0.4 mL, 0.25 M solution in THF) and stirred for 1 hour. 
The product was extracted with CH2Cl2 (3 x 20 mL). The organic layer was combined, washed 
by brine and dried with Na2SO4. The mixture was filtered and the filtrate was evaporated under 
reduced pressure. The residue was dissolved in a minimum amount of CH2Cl2 and the solution 
was added dropwise to methanol with stirring. The precipitate was collected by filtration, washed 
with methanol and water and dried under vacuum. 
General Procedure for the polymerization of monomers with Complex 2 and quenched by 
arylboronic acid: In a glove-box under N2 atmosphere, to a 5-mL vial containing complex 2 
(5.0 mg, 0.006 mmol) and monomer (0.1 mmol) was dissolved in THF (2.5 mL). Then the vial 
was sealed and taken out of drybox. The mixture was cooled to 0 0C with ice bath. After that 
K2CO3 (0.5 mL, 2 M aqueous solution) was added. The mixture was stirred at 0 
0C for 60 
minutes. The reaction was quenched by injecting arylboronic acid (1 mL, 1 mmol, dissolved in 
THF) and stirred for 1 hour at room temperature. The product was extracted with CH2Cl2 (3 x 10 
mL) and water (10 mL). The organic layer was combined, washed by brine. The mixture was 
evaporated under reduced pressure. The residue was dissolved in a minimum amount of CH2Cl2 
and the solution was added dropwise to methanol with stirring. The precipitate was collected by 
filtration, washed with methanol. After that it was dissolved in minimum amount of CH2Cl2 and 




79% yield. Gray solid. GPC: Mn = 7 700 (PDI = 1.12). 1H NMR (300 MHz, CDCl3, ppm): δ 7.83 
~ 7.85 (m, 2 H), 7.67 ~ 7.72 (m, 4 H), 2.15 (br, 4 H), 1.18 (s, 12H), 0.80 (s, 10 H); 13C NMR 
(75.4 MHz, CDCl3, ppm): δ: 151.9, 140.6, 140.1, 126.2, 121.6 120.0, 55.4, 40.4, 31.5, 29.7, 23.9, 
22.6, 14.1. 
 
79% yield. Brown solid. GPC: Mn = 6800 (PDI = 1.12). 1H NMR (300 MHz, CDCl3, ppm): δ 
7.85 (s, 2 H), 7.69 (s, 4 H), 2.14 (br, 4 H), 1.15 (s, 12H), 0.80 (s, 10 H); 13C NMR (75.4 MHz, 
CDCl3, ppm): δ: 151.8, 140.6, 140.0, 126.2, 121.6 120.0, 55.4, 40.4, 31.5, 29.7, 23.9, 22.6, 14.1. 
 
84% yield. Brown solid. GPC: Mn = 6000 (PDI = 1.16). 1H NMR (300 MHz, CDCl3, ppm): δ 
7.09 (s, 2H), 3.91 (s, 4H), 1.67 (s, 4H), 1.27 (s, 12H), 0.86 (s, 6H); small peaks which were 
observed at 2.05 (s, 0.18 H) is attributed to characteristic protons of the end groups. The polymer 
contains about 16 units calculated by 1H NMR result. 13C NMR (75.4 MHz, CDCl3, ppm): δ: 
150.1, 127.6 117.3, 69.6, 31.7, 29.6, 25.8, 22.7, 14.1. 
 
85% yield. Gray solid. GPC: Mn = 7800 (PDI = 1.17). 1H NMR (300 MHz, CDCl3, ppm): δ 7.82 
~ 7.84 (m, 2 H), 7.67 ~ 7.70 (m, 4 H), 2.13 (br, 4 H), 1.15 (s, 20H), 0.81 (s, 10 H); 13C NMR 
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(75.4 MHz, CDCl3, ppm): δ: 151.9, 140.5, 140.1, 126.2, 121.5 120.0, 55.4, 40.4, 31.9, 30.1, 29.3, 
24.0, 22.6, 14.1. 
 
90% yield. Gray solid. GPC: Mn = 4900 (PDI = 1.12). 1H NMR (300 MHz, CDCl3, ppm): δ 7.68 
(s, 1 H), 7.44 (s, 2 H), 2.48 (s, 3 H); 13C NMR (75.4 MHz, CDCl3, ppm): δ: 141.9, 138.8, 127.2, 
123.7, 21.6; small peaks which were observed at 3.83 (s, 0.05 H) is attributed to characteristic 
protons of the end groups. The polymer contains about 50 units calculated by 1H NMR result. 
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Figure 4.7: MALDI-TOF Mass Spectra of Polymers Obtained by 
Polymerization with Complex 2 and Arylboronic Acids as Quenching Reagents. 
Molecular Weight–Conversion Relationship Study for Polymerization with 
Complex 2 as the Initiator: In a glove-box under N2 atmosphere, to a 5-mL vial containing 
complex 2 (5.0 mg, 0.006 mmol) and 2-(7-bromo-9,9-dihexyl-9H-fluoren-2-yl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (0.1 mmol) was dissolved in THF (2.5 mL). Then the vial was 
sealed and taken out of drybox. The mixture was cooled to 00C with ice bath. After that K2CO3 
solution (0.5 mL, 2 M aqueous solution) was added. Small amount (0.3 mL) of the reaction 
mixture was sampled at 15, 30, 45, 60 min. Each sample was quenched with 4-methoxyl benzoic 
acid (10 eq) ar room temperature for 1h. Then it was extracted with CH2Cl2 and concentrated 
with vacuum. Then it was dissolved in THF to determine the conversion, Mn, Mw and PDI by 
GPC. The conversion, Mn and PDI of each polymer for 15, 30, 45, 60 min were 48% (4700, 
1.13), 60% (5700, 1.15), 76% (6500, 1.13), 84% (7500, 1.13). 
Figure 4.5. Suzuki Cross-Coupling Polymerization of 7-Bromo-9,9-dihexylfluoren-2-ylboronic 




Molecular Weight-Feeding Ratio Study For Polymerization with Complex 2 as the 
Initiator: The polymerization of 2-(7-bromo-9,9-dihexyl- 
9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane with different amounts of initiator (12, 
9, 6 and 4 mol % loading for complex 2) was performed in a manner similar to the general 
procedure described in the [ General Procedure for the polymerization of monomers with 
Complex 2 and quenched by arylboronic acid] except different amount of initiator. The 
polymer yield were 94%, 79%, 85% and 84% respectively and Mn (PDI) were found to be 11 
400 (1.18), 7 700 (1.12), 5 900 (1.16) and 3 400 (1.16). A linear relationship was observed for 




Figure 4.6: Relationship between Feed Ratios of Monomer and Complex 2 and the 
Corresponding Molecular Weight of Polymer 
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